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OBJECTIVES OF THE JET VANE ACTUATOR TESTS

i o.

ioi To determine the operating characteristics of each actuator

under the following conditions:

i.i.i Atmospheric pressure prior to vacuum exposure.

1.1.,2 Ultrahigh vacuum after an 8-day exposure to a

pressure less than 1.0 x 10 -8 torr.

1.1.3 Atmospheric pressure following vacuum exposure°

1.2 To determine the effects of the vacuum exposure on the

working components and materials of the actuators under operating

conditions°

1o3 To determine the effects of the vacuum exposure on static

bearings and potentiometers of the type used in the actuator assembly.

1.4 To recommend changes in actuator design°
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RE-ORDERiio.

2o0 TEST RESULTS

2_i Vacuum Exposure Test Noo i

2.1.1 Introduction

Exposure Test No. i was performed on Aeroflex Jet Vane

Actuator, Serial No. 01, modified as described in Section 4°3 of this

report; Markite Potentiometer, Serial No. i00; and Barden Bearing,

No. SFR3BSSXII2K5. Test operations were performed and test para-

meters were measured before, during, and after vacuum exposure to

discover and determine any change in performance characteristics.

2ol.2 Installation of Test Pieces and Checkout of Assembly

On March 8, 1963, at 1200 hours the installation and

checkout sequence for Exposure Test No. I were Started. The jet vane

actuator was mounted on the vacuum chamber cover and wired to the

vacuum side of the electrical feedthrough. The power supply and

instrumentation were assembled and checked out. The static potentio-

meter was wired to the vacuum side of the electrical feedthrough after

having been conditioned as described in Section 10olo2 of this re-

port. The static Barden bearing was mounted on a vertical shaft

and preloaded with a brass fly wheel. Figs. i, 2 and 3 show the

apparatus, the instrumentation and the mounted test specimens.

2.1.3 Atmospheric Pressure Operation

On March 15, 1963, at 2000 hours all circuits had been

checked out and found to be operating properly° The jet vane actuator

torque motor was then calibrated. The values obtained are shown in
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Table 7. The multichannel recorder was then calibrated as des-

cribed in Section 8.2.

On March 15, 1963, at 2330 hours the atmospheric

pressure operation of the jet vane actuator was started° Duration

of the operating period was 12 minutes and all test parameters were

monitored° Data for the atmospheric pressure operation are shown

in Table io During the operating period the recorded signals from

the telemetry potentiometer and the torque motor indicated noise of

varying amplitude and i00 cycle frequency° This data was telephoned

to Mr. Gerry Perkins of JPL who stated that, "i00 cycle noise was

present during previous testing of the actuator unit." Attempts

to eliminate the noise led to the conclusion that it was a charac-

teristic of the circuitry° The operating sequence was then resumed.

Resistance and voltage readings were taken on the static potentio-

meter as per Section 9.3. The preloaded bearing was checked as per

Section 9°2 and the starting torque was found to be negligible° The

vacuum system was then closed for pumping.

2.1.4 Pumpdown and Bakeout

On March 16, 1963, at 0230 hours the pumpdown was

started. When the vacuum chamber pressure reached 1.0 x 10-4 torr

the heaters were turned on to bake out the system° During the bake-

out period of eight hours the temperatures of the actuator and of

the static potentiometer were not allowed to exceed 190°F. Pumpdown

data are shown in Table 2 and Fig° 4o After the bakeout period was

completed, the chamber was allowed to cool down to room ambient

temperature.
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2olo5 Static Vacuum Exposure

On March 17, 1963, at 0100 hours, the chamber pressure

had reached a value of 3°0 x 10 -9 torr and the eight-day static

vacuum exposure period was started° The static petentie_eter data,

system pressure, and component temperatures were taken every four

hours° These data are included in Table 2o

2olo6 Vacuum Operation

On March 25, 1963, at 1215 hours the vacuum operation

phase of the test was started. The jet vane actuator was operated

for fourteen minutes while all test parameters were monito_edo The

same i00 cycle "noise" patterns which, during the atmospheric

pressure operation, had been observed in the recorded signals from

the telemetry potentiometer and the torque current were present in

the same magnitude at the start of vacuum operation° The "noise"

pattern remained essentially unchanged during the first 1o5 minutes

of operation° During the remaining portion of the operating period,

both the magnitude and the quantity of "noise" increased steadily°

After 4.7 minutes of operation, "noise" began to

appear in the servo potentiometer signal° The servo potentiometer

noise increased spasmodically and after fourteen minutes of opera-

tion had masked the basic signal so that it had changed from a

sinusoidal wave form to an almost square wave form° At this point

operation was stopped and the jet vane actuator was allowed to soak

in the 10 -9 torr environment for 1.5 hours. Data for this operating

period are shown in Table 3.
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After the soak period, the actuator was restarted at

1400 hours and was operated for ten minuteS o At the beginning of

this second period of vacuum operation the "noise" pattern for all

signals was essentially the same a_ it had been at the beginning

of the first period of vacuum operation and it did not change

appreciably during the first minute of operation° During the re-

maining portion of the operating period both the magnitude and

quantity of "noise" increased steadily in the signals from the tele-

metry potentiometer and the torque motor° After 3 minutes of

operation, "noise" began to appear in the servo potentiometer signal°

The servo potentiometer "noise" steadily increased until the signal

became very erratic.

actuator was stopped°

shown in Table 40

At this point operation of the jet vane

Data for this second operating period are

2olo7 Operation of Actuator at Various Pressure Levels

On March 25, 1963, at 1450 hours a controlled shutdown

and venting procedure was started° The diffusion pumps were turned

off and the vacuum chamber pressure was allowed to rise without the

addition of any venting gas. As the pressure rose the jet vane

actuator was operated briefly at each pressure decade to observe

the effect of each pressure increase on the operating parameters°

At a pressure of 5 x 10 -6 torr the magnitude of the "noise"

in the telemetry potentiometer began to decrease° At a pressure of

about 2 x 10 -5 torr the magnitude and quantity of "noise" in the

torque motor signal began to decrease and the servo potentiometer

signal began to revert to the sinusoidal wave form° Data are shown

in Table 5o

!
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2olo8 Post Vacuum Operation

On March 25, 1963, at 1640 hours the actuator was

operated for 1o5 minutes at room ambient conditions° Some noise Was

still evident on both the torque e_.rrent and. telemetry potentiometer

signals° Data are shown in Table 6o

2olo9 Post Vacuum Calibration and Checkout

On March 25, 1963, at 1700 hours the jet. vane actuator

and the associated instrumentation were checked and recalibrated as

described in Section 8°0° The static potentiometer was reconditioned

as described in Section i0olo2 and data were taken as described in

Section 9°3° The loaded bearing was checked for starting torque and

no measurable change was found° Data are shown in Tables 7 and 8_

2olo10 Component Evaluation

On March 26, 1963, at 0800 hours the jet vane actuator

was disassembled for physical examination of its component parts°

The Markite potentiometers and Barden bearings were examined by Mr o

John Lo Ham of NRC and were then sent to their respective manufacturers

for further evaluation° Data from these examinations and evaluations

are presented in Appendix Ao
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Vacuum Exposure Test No. 2

2o2_i Introduction

Exposure Test No o 2 was performed with Aeroflex Jet

Actuator, Serial NOo 02, modified as described in Section 4°3 of

this report; Markite Potentiometer, Serial NOo 200; and Barden Bearing,

Part No. SFR3BSSXII2_5. Test operations were performed before, during,

and after vacuum exposure to determine any change in performance

characteristics°

2°2.2 Installation of Test Pieces and Checkout of Assembly

OhM arch 26, 1963, at 1200 hours the installationand

checkout sequence for Exposure Test No. 2were started. The Jet vane-

actuator was mounted on the vacuum chamber head and wired to the

vacuum feedthrough. A stainless steel tube was welded to the actuator

rear case and passed through the vacuum head. This tube was connected

to a mercury "U" tube manometerwhlch was used to monitor the pressure

inside the actuator case during the initial pumpdown phase and the

venting phase of the test. A clampwas mounted between the vacuum

system and the manometer to close the line and isolate the manometer

from the system after initial pumpdOWno See Figures 5, 6, & 7.

The power supply and instrumentation were checked out.

All circult_were found to be operating properly with

the exception of the amplifler circuit° The trouble appeared to be

in the transistor section. A JPL representative was notified and he

decided to send a new amplifier to replace the faulty one.



On April 5, 1963, at 1300 hours the new amplifier

arrived and was installed. The circuit was checked and Pin B on

the amplifier connector lead was found to have an open circuito

Repairs were made and the circuit was re=checked and found to be

operating properly_

On April 5, 1963, at 1545 hours the actuator was

operated under atmospheric conditions for 6 minutes. Data are shown

in Table 9. Operation was terminated by a malfunction_ Circuits

were then checked out again and were found to be operational but the

actuator would only run intermittently° The connector on the actuator

case was removed and it was found that a wire, leading from Pin B

to the servo potentiometer wiper, was broken° The wire appeared to

have been cut when it was stripped at the time of assembly of the

actuator unit° The wire was repaired and the circuit was re®checked

and found to be operating properly° The static potentlometer was

conditioned as per Section 10ol.2 of the Pre®Test Procedure and was

then wired to the vacuum feedthrough. The Barden bearing was mounted

on a shaft and was pre-loaded with a brass fly wheel. See Figure 7.

2.2°3 Atmospheric Pressure Operation

On April 8, 1963, at 1200 hours all circuits were

checked out and found operational° The recording instrumentation was

checked and calibrated as per Section 8.0.

On April 8, 1963, at 1645 hours, a 12 minute period of

operation at atmospheric pressure was performed° One hundred cycle

noise, similar to that observed during the first actuator test_ was

J_
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present on the torque current and telemetry potentiometer eignals_

Data for the atmospheric pressure operation are in Table 90 _he

vacuum _y_tem was then closed and _ pre=pumpdown check of all circuits

was performed° '_he amplifier did not perform properly and the trouble

was traced to over=heating transistors_ Replacements were installed

and on April 9, at 1335 hours, a brief operating period was started.

The actuator stopped operating after 2_5 minutes due to a faulty

ground connection_ This condition was corrected and proper operation

was resumed_ Data are shown in Table 9o

On April 9, 1963, at 1400 hours the actuator was operated

for 15 minutes at atmospheric pressure. During this operating period

transistors in the amplifier circuit were matched to achieve the best

torque current signal° The final 5 minutes of atmospheric pressure

operation was run using the best matched pair of transistors° During

the entire period of atmospheric pressure operation i00 cycle noise

was present on the torque current and telemetry potentiometer signal_o

Resistance and voltage readings were taken on the static potentiome_er

as described in Section 9°3. The static bearing data were obtained as

described in Section 9°2° The starting torque was negligible. The

"U" tube manometer was installed as per Section 7°6° See Figures

5,6, and 7 and Table I0.

2.2 o4 Pumpdown and Bad, out

On April 9, 1963, at 1452 hours the pumpdown was

started. During the initial pumpdown, pressure in the actuator /_

case interior was read with the mercury "U" tube manometer_ See
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Table ii for initial pumpdown data of system and actuator.

On April 9, 1963, at 1550 hours the manometer clamp

was closed and the manometer was isolated from the system. When

the vacuum chamber pressure reached 1.0 x 10 -4 tort the heaters

were turned on to bake out the system. During the bakeout period

of eight hours the temperatures of the actuator and the static

potentlometer were not allowed to exceed 190°F.

data was taken at intervals during this period.

was completed, the chamber was allowed to cool to room temperature.

Data are shown in Table 12.

2.2.5 Static Vacuum Exposure

On April i0, 1963, at 1400 hours the chamber pressure

had reached a value of 1.0 x 10 -8 tort and the eight day static

vacuum exposure period was started. The static potentiometer data,

system pressure and component temperatures were taken every four

hours. These data are included in Table 12.

2.2.6 Vacuum Operation

On April 18, 1963, at 1015 hours the vacuum operation

phase of the test was started. The Jet vane actuator was operated

for 24 hours while all test parameters were monitored. The same 100

cycle noise patterns which during the atmospheric pressure operation

had been observed in the recorded signals from the telemetry

potentiometer and the torque current were present in the same

magnitude at the start of vacuum operation. The patterns of all six

signals remained essentially unchanged throughout the 24 hour

operation period with the exception of a zero poeition shift of the

Static potentiometer

After the bakeout
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actuator after 5.1 hours of operation. The zero shift was corrected

by adjusting the amplifier balance potentiometer and the actuator

then continued to operate with approximately the same signal

magnitudes as had existed before the zero shift. After the completion

of 24 hours operation the system was prepared for venting with the

actuator continually operating. Data for the 24 hour operating period

are shown in Table 13.

2.2.7 Operation of Actuator at Various Pressure Levels

On April 19, 1963, at ii00 hours a controlled shutdown

and venting procedure was started with the actuator operating continu=

ously. The diffusion pumps were turned off and the vacuum chamber

pressure was allowed to rise without the addition of any venting gas.

As the pressure rose, data was collected at each pressure decade to

observe the effect of each pressure increase on the operating parameters.

At a pressure of 2.0 x 10 -8 tort the noise level in

the telemetry potentiometer and the torque current signals started

to increase in magnitude. These signal "noise levels" increased as

the system pressure increased. At a pressure of 28 millimeters of

Hg the torque current signal was completely hidden under its noise

pattern and for the first time a slight distortion in the servo

potentiometer output was noticed. The vacuum system was held at a

pressure of 28 millimeters of Hg for approximately one minute and

the clamp on the "U" tube manometer was opened. The system was then

vented to atmosphere while monitoring the actuator interior pressure /

as well as the operational characteristics. While venting with dry

nitrogen from 28 millimeters to atmospheric pressure, the torque



- 12-

current signal increased until it was completely hidden in a wide

noise band° Data for the vent operation are shown in Tables Ii and 14_

2°208 Post Vacuum Operation

On April 19, 1963, at 1238 hours the vacuum _y_tem

reached atmospheric pressure and the actuator was operated for I_5

minutes at room ambient conditions_

in Table 15.

2.2.9

Data for this operation are shown

Post Vacuum Calibration and Checkout

On April 19, 1963, at 1400 hours the jet vane actuator

and the associated instrumentation were checked and re=calibrated as

described in Section 8.0. The static potentiometer was reconditioned

as described in Section 10.1.2 and data were taken as described in

Section 9.3. The static bearing was checked for starting torque

Data are shown in Tables 16and no measureable change was found.

and 17.

2.2.10 Component Evaluation

On April 20, 1963, at 0800 hours the jet vane actuator

was disassembled for physical examination of its component parts_

The Markite potentiometers and Barden bearings were examined by

Mro John Ham of NRC and were then sent to their respective

manufacturers for further evaluation. Data from these examinations

and evaluations are presented in Appendix A.
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3°0 CONCLUSIONS AND RECOMMENDATIONS

3ol Introduction

The conclusions are based on the test results and the sub-

sequent evaluation of the test components and are separated into

three categories_ i) The Aeroflex jet vane actuator assembly,

2) the Markite potentiometer, and 3) the Barden "Bartemp" bearing°

Included in each category are recommendations for improvement of the

operation of each component.

3_2 The Aeroflex Jet Vane Actuator Assembly

Two jet vane actuator assembly samples were exposed in-

dividually to a pressure environment in the 10 -9 torr range. The

operating components of one assembly were exposed directly to the

vacuum environment° The operating components of the second assemb-

ly were exposed indirectly to the vacuum environment through a re-

stricted opening. Refer to Section 4.3 for a more complete des-

cription of the test samples. The performance of the two assemb-

lies was essentially identical during operation in air prior to

vacuum exposure° The performance of the two assemblies was vastly

different during operation in ultrahigh vacuum after an eight-day

exposure to an ambient pressure in the 10 -9 torr range.

The assembly in which the operating components were

directly exposed to the ambient vacuum developed serious "noise"

in its electrical signals after 1.5 minutes of operation. This
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undesirable noise _vel steadily increased and resulted in termina-

tion of the test after only 25 minutes of vacuum operation°

The assembly in which the operating components were in-

directly exposed to the ambient vacuum operated with its electrical

signal "noise" at a level little greater than that during operation

in air° The noise level remained essentially the same during 24

hours of vacuum operation after which the test was terminated as

scheduled°

It is concluded that the restricted opening in the second

sample in combination with outgassing from the components and

materials inside the actuator case resulted in a higher local pres-

sure around the operating components° This higher local pressure

reduced evaporation and decomposition of lubricating or protecting

surface films whose presence prevents any metal to metal contacts

which produce galling and resultant electrical noise°

It is recommended that, for reliable actuator operation

following long period of static exposure to low pressures, the ac-

tuator case be at least partially sealed° Inclusion of a small

amount of benign material, with a low but finite vapor pressure,

inside the partially sealed actuator case should increase the

length of the tolerable exposure period.
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3°3 The Markite Potentiometer

Two potentiometer assembly samples were operationally

tested as component parts of the two jet vane actuator assemblies

and two potentiometer body samples, without wipers, were statisti-

cally tested as individual components.

The two static potentiometer bodies were exposed to simi-

lar ambient pressures in the two exposure tests. The results were

essentially the same in each case. The resistance and the voltage

drop across the total potentiometer, and across each of its two

halves, were measured at intervals during the test. No appreciable

change was found in either of these two values.

The two operational potentiometer assemblies were ex-

posed to different ambient pressures in the two exposure tests as

a result of the two different degrees of communication between the

inside of the actuator case and the vacuum prevailing in the ex-

posure chamber. The major difference observed on microscopic exa-

mination was one of wear. The tracks and wipers on the unit with

restricted communication showed relatively high wear consistent

with the much longer period of operation. Since the actuator

signals did not develop excessive "noise" during this long opera-

ting period, wear, as such, does not appear to be the cause of

noisy signals.

Each of the operating potentiometers showed orderly wear

on the high resistance track and the associated wiper. Each of

the potentiometer showed craters and ridges on the low resistance
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track and pits and smears on the associated wiper_ The inspection

and evaluation at Markite Corporation showed some increase in con-

tact resistancy but that the units were still within specifications°

It is concluded that the high resistance track performs

well at all pressures; that the low resistance track does not per-

form well in ultrahigh vacuum and is the most likely source of the

noisy actuator signals° It is felt the evidence would be more clear

cut if the restricted unit had not gone through a period of noisy

operation, probably due to blowing around of wear dust, during the

venting phase of the second exposure test. This is described in

Section 2.2o7o

It is recommended that the low resistance track be re-

placed by either two flexible wires or a second high resistance

track in series with the present high resistance track.

3°4 The Barden "Bartemp" Bearings

Four bearing samples were operationally tested as com-

ponent parts of the two jet vane actuator assemblies and two

bearing samples were tested under static load as individual com-

ponentso The bearings were examined both visually and mechani-

cally at National Research Corporation, and both optically and

on a smooth rotor at Barden Bearing Company° No effect due to

either static vacuum exposure or vacuum operation was detect-

able in either examination. One bearing was found to have

multiple brinell marks. This bearing was difficult to remove
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from the actuator shaft and the brinelling undoubtedly occurred

during removal.

It is concluded that the "Bartemp" bearings operated

well at all pressures.
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4°0 TEST COMPONENTS

4.1 Description of Test Components

The test components consisted of seven items two Aero_

flex jet vane actuator assemblies; two Barden precision ball bearings,

duplicates of one of the actuator assembly parts; and three Markite

potentiometers, duplicates of one of the actuator assembly parts,

4°2 Identification of Test Components

The test components and part numbers are listed below_

Description

Jet Vane Actuator

Jet Vane Actuator

Potentiometer

Potentiometer

Potentiometer

Ball Bearing

Manufacturer Part No. S/N _antitl_

Aeroflex .... 01 1

Aeroflex _-- 02 1

Markite --- I00 i

Markite --- 200 i

Markite --- 2G-834 i

Barden SFR3BSSXII2K5 --- 2

4.3 Aeroflex Jet Vane Actuators

The jet vane actuators were standard units individually

modified for each test° Actuator Serial NOo 01 was modified by

removal of the shaft seal and the back cover to allow for full

vacuum exposure of the interior components° See Figures 2 and 3.

Actuator Serial No. 02 was modified by removal of the shaft seal

and by attachment of a pressure measuring device as described in

Section 6.3 of this report. See Figures 6 and 7
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4°4 Markite Potentiometers

The Markite potentiometers were standard units with the

wiper removed. Serial Numbers I00 and 200 were exposed to the vacuum

environment. Serial Number 2G-834 was not exposed to the vacuum en_

vironment and was used as a comparison tool to determine any vacuum

effect=

4.5 Barden Precision Ball Bearings

The ball bearings were standard Bartemp No-lube bearings.

,f

t
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5.0 TEST FACILITIES

5.1 Vacuum System

The tests were conducted in NRC Ultrahigh Vacuum System

No. 146. The vacuum chamber is 14 inches in diameter and 18 inches

deep° The chamber is pumped by a liquid nitrogen trap, a six-inch

diffusion pump, a two-inch diffusion pump and a six-cubic foot

mechanical pump in series. This system is capable of reaching a

-9
pressure of 1.0 x i0 torr when clean, dry, empty, and at room

temperature. See Figures I and 5.

5.2 System Pressure

Pressure in the main chamber of the system is measured with

a hot filament ionization gauge whose output is read with a stand-

ard NRC ionization gauge control box. Secondary pressure gauges are

located throughout the pumping manifold to monitor pressures at each

pumping station.
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6.0 TEST FIXTURE AND EQUIPMENT

6.1 Jet Vane Actuator Mount

The jet vane actuator mount consisted of a stainless steel

plate fitted with suitable mounting holes for the actuator and with

two stops which restricted the jet vane actuator rotation to +25 ° .

This mounting plate was welded to the vacuum surface of an 18-inch

diameter flange which served as the vacuum chamber top-cover. A

twenty wire feedthrough was installed in the center of the flange

for electrical connections to the actuator. See Figures 2 and 3.

6.2 Power Supply

The jet vane actuator was operated by an amplifier which

was supplied by Jet Propulsion Laboratory. This amplifier was

powered by wet cell batteries. The batteries supplied a bias of

plus and minus 22 volts DC to the amplifier and 6 volts DC across

the servo potentiometer. Motion to the jet vane actuator was supplied

by a Kronite signal generator which supplied 2 cycle, 0 to 6 volts,

RMS current. Power to the telemetry pQtentiometer was supplied by

a 6 volt wet cell battery. See Figures i0 and 12.

6.3 Actuator Case Pressure Indicator

After completion of the first exposure test, the chamber

cover and the actuator to be tested were modified so that during

the pumpdown and venting phases of the second exposure test the

pressure inside the actuator unit could be measured. The modifica-

tions performed and the pressure measuring equipment used are

f .i
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described below and shown in Figures 6 and 7.

A stainless steel cover was constructed to replace the

existing aluminum cover on the back of the actuator case. A hole

was drilled in this stainless cover to receive a i/4-inch stainless

steel tube. A similar hole was drilled in the vacuum chamber cover°

A shaped and fitted length of stainless tubing was welded into the

actuator cover and, after thorough cleaning, this assembly was

attached to the actuator. The actuator was then mounted in test posi-

tion with the free end of the tubing passing through the hole in the

vacuum chamber cover. The tubing was then welded to the vacuum cham-

ber cover.

On the outside of the vacuum chamber a pressure measuring

system was provided for connection to the free end of the stainless

tubing when the cover was in position on the chamber. This pressure

measuring system consisted of a 'rU" tube mercury manometer, a trap

containing a mixture of dry ice and acetone to prevent diffusion of

mercury vapor into the vacuum chamber, and a clamp to isolate the

measuring system from the vacuum chamber during periods when the

measuring system was not in use.
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7.0 INSTRUMENTATION

7.1 Oscilloscope and Camera, Model No. 535

A Tectronic oscilloscope, was used to visually examine

the feed-back signal from the servo potentiometer. A Dumont

oscilloscope camera was used to take photographs of the feed-back

signal at selected times. See Figures i and 5.

7.2 Low Frequency Filter

A low frequency resistance-capacitance filter was con-

structed according to specifications for the "0" filter found in

the Markite Corporation publication entitled "Test Procedure for

Filtered Output."* A schematic diagram of the "O" filter is shown

in Figure II. This low frequency filter was wired into the tele-

metry potentiometer circuit so that the two cycle carrier from the

Kronite signal generator was removed from the potentiometer output

signal leaving the higher frequency "noise" signals clearly defined.

Figure 12 shows the filter placement in the instrumentation circuit.

7.3 Multi-Channel Recorder

A Schwarzer multi-channel recorder was used to record six

signals simultaneously. In the first exposure test the six recorded

signals were: (I) the input voltage to the amplifier, (2) the

feed-back voltage from the servo potentiometer, (3) the pressure

in the vacuum system, (4) the temperature of the actuator case,

(5) the current through the torque motor, and (6) the noise from

the telemetry potentiometer.

*Markite Corporation Engineering Report No. P-429, pages 5 and 6.
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In the second exposure test the output voltage from the

telemetry potentiometer was recorded instead of the temperature

of the actuator case. All other signals recorded in the second

test were the same as had been recorded in the first test. Channel

identification and calibration factors are listed in the recorder

calibration section. See Section 8.2 and Tables 8 and 17.

7.4 Temperature Potentiometer

A Leedsand Northrup direct reading potentiometer, Model

8693, was used to read out two copper constantan thermocouples indi-

cating the temperatures of the jet vane actuator case and the static

Markite potentiometer.

7.5 Vacuum Tube Voltmeter

An RCA Vacuum Tube Voltmeter, Model WV-98_ was used to

measure voltage and resistance across the static potentiometer.

7.6 "U" Tube Manometer (See Figure 7)

In Test No. 2 a "U" Tube Mercury Manometer was attached

through a cold finger to the 1/4" diameter tube which passed through

the vacuum chamber cover to the actuator back cover. The manometer

was used to monitor the actuator interior pressure during the pump-

down and venting phases of the test. The cold finger was chilled

with a dry ice and acetone mixture to trap mercury vapor so it

could not enter the vacuum system and the actuator. A clamp was

placed between the cold finger and the vacuum system to isolate

the manometer from the vacuum system when the manometer had reached
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its maximum detectable pressure drop.

Figures 6 and 7.

The assembly is shown in
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8 o0 CALIBRATION OF EQUIPMENT

8.1 Thermocouples

All thermocouples were calibrated with the Leeds & Northrup

potentiometer in ice water and in boiling water. Thermocouples

selected for use read within +_ l°F of the true temperature and were

used without correction during the tests.

8.2 Multi-Channel Recorder

All six channels used in the two exposure tests were cali-

brated. Calibration was performed by feeding into the recorder a

known signal from the Leeds & Northrup millivolt potentiometer and

measuring the resulting output signal. Tables 8 and 17 show for the

respective exposure tests the parameters measured, the channels used,

and the calibration factor per centimeter of chart traverse.

8.3 Torque Motor

The torque motor in each jet vane actuator was calibrated

before and after its vacuum exposure test. The relationship between

the input current and the output torque was determined. The calibration

was performed by suspending several individual dead weights from the

torque motor shaft and then applying the minimum voltage to the motor

to enable it to just lift each weight. The weights were suspended from

a fine cord which was wound around a small drum on the torque motor

shaft. The current required to lift each weight was measured. Figure

13 shows the calibration set-up. Calibration data are listed in

Tables 7 and 16 and are plotted in Figures 14 and 15. _
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8°4 Vacuum Tube Voltmeter

Both the voltage and resistance scales of the RCA vacuum

tube voltmeter were calibrated. The voltage scale was calibrated

over the range from 0 to 45.0 volts with a laboratory standard

voltmeter. The resistance scale was calibrated over the range from

0 to 30K ohms with 1% precision resistors.
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9.0 PROCEDURE FOR DATA TAKING

9.1 Jet Vane Actuator Data

9.1.1 Calibrate the torque motor as described in Section 8.3

9.1.2 Calibrate the Schwarzer recorder as described in

Section 8.2

9.1.3 Calibrate the Leeds & Northrup potentiometer as

described in Section 8.1

9.1.4 Operate the jet vane actuator and record data on

the Schwarzer recorder and the Leeds & Northrup
potentiometer.

9°2 Ball Bearing Data

9.2.1 Place the static bearing on the mounting shaft and

install the pre-load disc. See Figures 2, 3, and 7.

9.2.2 Measure the torque necessary to rotate pre-load disc

before and after vacuum exposure.

9°3 Potentiometer Data

9.3.1 Calibrate the RCA Vacuum Tube Voltmeter as described

in Section 8.4.

9.3.2 Measure the resistance across the total resistor.

See Figure 16.

9.3.3 Measure the resistance across the center tap and each

end of the total resistor. See Figure 16.

9.3.4 Hook up the D.C. batteries across the total resistor.

See Figure 16.

9.3.5 Measure the voltage drop across the total resistor.

See Figure 16.

9.3.6 Measure the voltage drop across the center tap and

each end of the total resistor. See Figure 16.

9.4 Vacuum System Data

9.4.1 Check the zero point on all vacuum gauges.

9.4.2 Set the emission current for all ionization gauges.

9.4.3 Record the pressure of the main chamber and of each

pumping station.
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i0.0 TEST PROCEDURE

i0.i Pre-Vacuum Operation

i0.i.i Operate the jet vane actuator in the received condition.

10.1.2 Condition the potentiometer for 8 hours at 70°C, put
it in a desiccator for 8 hours and then record data
as described in Section 9_3o

10.1.3 Install the jet vane actuator, the static bearing and
the static potentiometer on the the test fixture.

10.1.4 Connect and check out all the electrical circuits.

10.1.5 Calibrate the torque motor as described in Section 8.3.

10.1.6 Calibrate all readout equipment as described in
Section 8.0.

10.1.7 Operate the jet vane actuator at ambient room
conditions and atmospheric pressure. Record data as
described in Section 9.1.4.

10.1.8 Record potentiometer data as described in Section 9.3.

i0.2 Ultrahigh Vacuum Operation

10.2.1 Pump down the vacuum system after checking operation
of all equipment.

10.2.2 Start an 8-hour bakeout _f the system when the chamber
pressure reaches the i0 -_ torr range. Hold the
temperature of the jet vane actuator case and the
static potentiometer below 190OF during the bakeout.

10.2.3 Pump the chamber down to 1.0 x 10-8 torr and hold
the pressure at or below this value for 8 days.
Do not operate the jet vane actuator during this
entire period.

10.2.4 Record the system dat_vacuum and potentiometer data
every 4 hours.

10.2.5 Calibrate the Schwarzer recorder, as described in
Section 8.2, just before start of jet vane actuator
operation.
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i0.3

10.4

10.5

10.2.6 Record the vacuum system data and the potentiometer
data just before the start of jet vane actuator
operation.

10.2.7 Operate jet vane actuator at the conclusion of the
8-_day vacuum exposure period. Continue this operation
until a definite deterioration pattern in the recorded
signals is established. If the recorded signal
patterns do not change radically from those obtained
during pre-vacuum operation, operate unit for a total
period of 24 hours.

10.2.8 Record the vacuum system data and the potentiometer
data at the conclusion of the jet vane actuator
operation.

Vacuum Operation During Venting

10.3.1 Let the system pressure rise slowly by a controlled
shutdown procedure. Maintain liquid nitrogen in
the pumping manifold trap.

10.3.2 Operate the let vane actuator at each pressure decade
from the i0 -_ torr range to atmospheric pressure, if
possible, and record data.

10.3.3 Record the potentiometer data at atmospheric pressure°

Post Vacuum Operation

10.4.1 Operate the jet vane actuator at atmospheric pressure
and record data.

10.4.2 Remove the jet vane actuator, the static bearing, and
the static potentiometer from the test fixture and
examine them for any vacuum effects.

10.4.3 Re-condition the static potentiometer at 70oc for
8 hours, place it in a desiccator for 8 hours, and
then record data as described in Section 9.3 of this
report.

10.4.4 Disassemble jet vane actuator and examine it for any
effects, on either materials or components, due to
operation in vacuum.

Additional Procedure for Test No. 2 Only

10.5.1 Connect the "U" tube manometer to the system as shown
in Figure 7.
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10.5.2

10.5.3

10.5.4

10.5.5

Record the actuator case pressure, as indicated by

the manometer, at intervals during the initial

pumpdown.

Isolate the manometer from the system by clamping

it off when the actuator case pressure drops below

2 millimeters.

During venting of the system with dry nitrogen, release

the clamp in the manometer line at a system pressure

of approximately I0 torr.

Record the actuator case pressure at intervals as

the system pressure increases from i0 torr to 700 torr.
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1.0 EXAMINATION OF THE MARKITE POTENTIOMETERS USED IN

THE VACUUM TESTS OF TWO AEROFLEX JET VANE ACTUATORS

i.i Examination at National Research Corporation

The potentiometers consisted of discs of a black non-metal-

lic material of unknown composition. They were about two inches in

diameter and 1/4 inch thick and had two concentric raised ridges on

one side. One of these ridges was about 5/8 inches in diameter and

the other about 1 1/2 inches in diameter. One of the discs is shown

in the photograph of Fig. 2, Appendix C. Four small cylindrical

metal contacts ("wipers") slide on these ridges ("tracks") as the

actuator turns; two on the inside track and two on the outside track.

The outer ridge represents the resistance element of the potentio-

meter and has six lead wires attached to it. The inner ridge, has

two lead wires attached to it, and serves primarily as a slip ring.

Fig. IA shows the geometrical arrangement of the points of lead

wire attachment and the colors of the lead wire insulation.

Four such potentiometers were examined; two of these had

been baked in vacuum and two had been operated in vacuum after baking

as described in the text of this report. The metallic wipers of

those operated in vacuum were also examined.

After examination at magnifications up to 30 diameters,

under a binocular microscope, photomicrographs at 200X were taken

at two spots on each track and at the contact point of each metallic

wiper. The general area represented by each photograph can be as-

certained by reference to Fig° IA. The photomicrographs of each

track and wiper are shown in Figs. 2A through 13A.
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The designation "Black Side" opposite a photograph signifies

that it represents an area near the middle of the side of the track

to which the black wire is attached, etc. The four wipers lie on a

common line which oscillates about orange and black within the green-

lavender and gray-white limits.

The outside tracks at 200X were very similar in appearance

whether run in vacuum or not. However, at lower magnification under

the binoculars, differences in amount of wear were apparent. All

showed some flattening and some wear debris in the form of brown

powder adhering to the sides of the ridge; but the unit run for 24

hours showed considerably more wear than the one run 1/2 hour even

though electrical noise level was low for a large portion of the

24 hour period whereas noise developed early in the 1/2 hour period.

The inside tracks at 200X proved to be of two different

types. Those run in vacuum appeared to be filled with metallic par-

ticles whereas those not run in vacuum looked just like the outside

tracks. Wear on the metal filled inside rings appeared to be smaller

than that on the outside rings and fewer metal particles are visible

on the worn flat part than on the adjacent round parts of these tracks.

At a few spots it appeared that metal particles had been torn out

leaving pits°

The appearance of the wipers at 200X is perhaps more re-

vealing than that of the tracks. The outside wipers run 24 hours

showed more wear than those run 1/2 hour as would be expected. How-

ever, they are smooth in the direction of motion revealing very few

transverse cracks, scratches, edges or pits°
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The inside wipers show less wear but are far from smooth

in the direction of motion. They look as if metal transfer had

occurred in both directions in an uneven manner leaving pits and

what looks like smeared on soft metal from the inside tracks. This

condition is quite apparent in the 24 hour test, but the pictures

for the 1/2 hour test are less revealing. It seems probable that

contact was intermittent on the inside tracks due to metallic ad-

hesion and that the electrical noise originated on the inside rather

than on the outside tracks.

The metal particles in the inside ring may be necessary to

obtain the desired resistance but if not, i.e.,if the inside ring can

also be used as part of the high resistance circuit, it is recommended

that potentiometers like those not run in vacuum (S/N i00 and S/N 200)

be used, since they appear to have no metal particles in their inside

rings.

Alternatively, it is recommended that a flexible strip or

wire of Cu-Be, bronze, or other suitable metal with low damping

capacity, high conductivity, and fatigue resistance be used instead

of the inside ring and wiper.

1.2 Examination at Markite

The four potentiometers and two wiper assemblies were re-

turned to Markite for visual examination and for comparison of

electrical characteristics with data taken before vacuum testing.

The letter of transmittal from National Research Corporation is

shown as Figure 14A, the letter of reply from Markite Corporation

is shown as Fig. 15A, and the Markite recorder tracings of the eva-

luation tests are shown in Figs. 16A through 21Ao
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2°0 EXAMINATION OF THE BARDEN BEARINGS USED IN THE VACUUM TESTS

OF TWO AEROFLEX JET VANE ACTUATORS

The six Barden bearings were returned to the Barden Corporation

for evaluation following the testing program° The letter of trans-

mittal from National Research Corporation is shown as Fig. 22A and

the letter of reply from Barden Corporation is shown as Fig. 23A.

x
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FIGURE IA - WIRING SCHEMATIC OF MARKITE POTENTIOMETER



FIGURE 2 A  Actuator No. 01 - Pot. No. 2F7944 - Outside Track 
(Orange Side) - X2OO - Ran in vacuum, 1/2 hour 
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Wiper 

FIGURE 3A Actuator No. 01 - Pot. No. 2n944 - Inside Track / .  

(Red Side) - X200 - Ran i n  vacuum, 1 /2  hour 
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Track 

FIGURE 4A Actuator N o .  01 - Pot .  No. 2F7944 - Inside Track 
(Yellow Side) - X200 - Ran i n  vacuu111, 112 hour 
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Track 

Wiper 

FIGURE 5A Actuator No. 01 - Pot. No. 2n944 - Outside Track 
(Black Side) - X200 - Ran i n  vacuum, 1/2 hour 



Track 

Wiper 

FIGURE 6A Actuator No. 02 - Pot. N o .  2 F I O O 3  - Outside Track 
(Orange Side) - X200 - R a n  in vacuum, 24 hours 



Track 

FIGURE 7A Actuator No. 02 - Pot. N o .  2FlOO3 - Inside Track 
(Red Side) - X200 - Ran in vacuum, 24 hours 



- A-12 - 

Track 

FIGURE 8 A  Actuator NO. 02 - Pot. NO. 2 F l O O 3  - Inside 

Wiper 

Track - 

( Y e l l o w  Side) - X200 - Ran i n  vacuum, 24 hours 
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Track 

Wiper 

FIGURE 9 A  Actuator No. 02 - Pot. No. 2 F l O O 3  - Outside Track 
(Pilack Side) - X200 - Ran in vacuum, 24 hours 



FIGURE 10A 
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Orange 
Side 

Black 
Side 

Outside Track - Pot.  No. S/N 100 - X200 - Baked out 
in vacuum - Not run in vacuum 
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FIGURE 1 1 A  

Red 
Side 

Yellow 
Side 

Inside Track - Pot .  No. S/N 100 - X200 - Baked in 
vacuum - Not run in vacuum 
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Orange Side Black Side 

FIGURE 1 2 A  O u t s i d e  Track - P o t .  No. S/N 200 - X200 - Baked in 
vacuum - Not run i n  vacuum 
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Red Side Yellow Side 

-,GURE l 3 A  Inside Track - Pot. No. S/N 200 - X200 - Baked i n  
vacuum - Not run in vacuum 
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RESEARCH DIVISION

NATIONAL RESEARCH CORPORATION

70 MEMORIAl. DRIVE

CAMBRIDGE 42, MASSACHUSETTS

6, 1963

Mr. He,ns Wormer
HRrkite Coz_orati_
155 Waverly Place

New york l_, New Xork

]M,mz' Sir:

In oamametlo= wi_h yeur _leplzx._ eoaverNtlcm vtth Mr. John gin,at

an I_ 2, 1963, I am en_los_ four Harklte 9oten_1o_eter_ and tvo viper
lullxm_es o

5_ae c_nts have _een _bJected to telt In a vmcu_ environment. 5_
eXpooure oom£ition8 of eaQh cOm_nt are li_tod below.

_tuator, Serial HO. O1 (_otmtiomter Bo. 2_7_ and Wiper l_, _)
operated in air far app_ely 10 _tnutu and then expose4 to a vacu_..
bskeout at 190"F for 8 ho_rs. _h/.s vu folloved, by an 8-day soak _orlod at 3 x 10"9

_rT. At _he coneluslon _ the 8-_ s_ak the unit was operate_ until a faillu_

tread v_s eSts_Lm_m4. _ unlt 8hmved S_S of failure after 1 1/2 ml_ate8 Of
_ers_1_m. _he t¢tml _ _r_tA_ _ m_s 30 m_u_es. _ c_let_om of

vacumm tes_ the _mlt vss re_ to room _tla_s w_re a 5 _tuuta test
_ss _erform_.

• _tuStaF, _erial Io. 02 (Potentlcnoter No. _003 and Wiper No. _Y_D03) vmJ
t4JJ_od, under the emma con£ttlOms as Serial No. O1 except the vacuum test lmsto4
far 2_ _s _:_ vas terntmrted, tmf_re az4V dmflz_te ta,,'L.l'_ pattern cm_A
e_tahliah_.

Fotentl_m_tor8, Kert£1 Hos. 100 and 200, were exposed to th8 vsmuum _-
taeas _a_te4 a_ovo on_.

_s lnformstt_n sh_ easist yo_ In your ove_tlom of the effects d_o

to vacuum exposure end operatt_ of 7mar _utts. We you,d appreciate mcolvJm_
a letter fr_ 7_u stat_n_ your ftn_ vhtch vAll then be incorporated la our

rep_t _ with Our evaluatl_o If further _uformation Is re_u£red, plea_
fro4 free to contaet Mr. John _ or _ hare at NRC.

RmNU'IO P. O_o

F_URE _A
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MARKITE CORPORATION

MANUFACTURERS OF _ POT E N T I O M E T E R S

TELEPHONE

OREGON 5-1384
155 WAVERLY PLACE

NEW YORK 14, N.Y.

June 6, 1963

National Research Corporation

70 Memorial Drive

Cambridge 42, Massachusetts

Attention: Mr. Rosario P. Giammanco

Dear Ross,

In accordance with our conversation, we have

re-evaluated the potentiometer elements which you returned

after completing your vacuum test as reported in your letter

of May 6, 1963. We examined these units visually under a 20

power microscope and tested them in a manner similar to that

which was used in the original test before the units were

shipped to you.

Our visual examination showed no visible effect

of the hard vacuum exposure. Both the resistance and the take-

off tracks were in good condition without any signs of

deterioration. Under our magnification I also could not see

the slight wear-in pattern on the brush block wipers, which you

reported seeing under much larger magnification. As I indicated

on the telephone, a wear-in pattern on these precious metal

wipers is a normal condition of operation, since the initial

contact area is merely the intersection of two lines.

All the elements were electrically continuous and

their contact resistance showed no unusual pattern. Serial

No. 2F7944 showed an increase of 3.5% and 4.2%, respectively, in

the track resistances of the violet and white and the green/white

and gray sides, respectively. The linearity pattern on the

violet and white side was practically the same as it had been

originally, but on the gray and green/white side, the linearity

pattern was somewhat changed and the linearity apparently

increased from 0.369 to 0.549. The final condition, however,

still is easily within the original specification. The two

FIGURE 15A
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Mr. Rosario P. Giammanco June 6, 1963

- 2 -

portions of element No. 2FI003 increased 6.9% and 4.3% in

resistance, respectively. The linearity traces show slight

changes, but again, the potentiometers are within specifica-

tion after the test. The only apparent reason for an increase

in resistance is the possibility that these units were less

humid when originally tested than they are now, several weeks

after the vacuum test. We would have expected a resistance

decrease in the actual vacuum test and you may have some data

which confirms or refutes that opinion.

If some condition in the potentiometer caused the

failure in the system test under hard vacuum, it appears that

this condition was transitory and disappeared before the units

were returned to us. To the best of our knowledge and belief,

the units, as tested by us, should perform satisfactorily

against your original specification and we hope that you have

been able to analyze the results of your test in such a way as

to determine definitely the cause of the operatingdifficulties.

If we can be of any further assistance to you, please

feel free to contact us. At your request we are returning to

you the elements and brush blocks, Serial Nos. 2FI003 and _F7944

along with copies of the original and re-run data sheets.

Thank you for this opportunity to work with you. We

hope that we have been able to be of some assistance to you.

Sincerely yours,

S H.

Chief Project Engineer

HHW/ea

Enclosures

FIGURE 15A (Cont.)
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POTENTIOMETER
PATS. PENDo

TYPE _..';- o F"

SER. NO. A'0 _/_/cv_/

NOISE c':/c"

LINEARITY SEE TRACE

INSULATION RESISTANCE
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RESEARCH DIVISION

NATIONAL RESEARCH CORPORATION

70 MEMORIAL DRIVE

CAMBRIDGE 42, MASSACHUSETTS

6, z_63

Mr. J. J. mZ_
Baz_en Corporation
200 Park A';emze

Z_a'bm'7 , Con_ctt_

In connectl_ vith _mr telephone conversation wlth Mr, Jc_n Ik= of
on I_v 2, 1963, z _ torvardJ_ 6 _ _o. Sl_3_eSX3_2_ ]_rCup, NOs. 1
_6.

harings No. I an4 Io. 2 verw _rt of _tuator __ Berlal No. 01
_eh vas operated st r_cm _tlms for _te_ 10 ainutel In_ then

to a vaou_ bskoout _t 190"F for 8 ho_s. _h_Ls vas tollove4 I_ an
8-4a_ soak perLod at 3 x I0 "_ torr. At the oonclun£on ot the _ soak petted
the unit vas operated for _p__ly 30 Ltnutes. _e u_t was tb_ rl¢_
to roam cond_t_ sn_ a _ atnute test vas l_rror_d.

h_ No. 3 au_ b. _ veto part of _uator __ S_xlal No. O_ v_tah
_re _ to t_ _ _t_ u at_v_ _ tho vacuum test was for 25
_mrs.

)sar_, NO. 5 and No. 6 veto statCcal_ pro-loaded and expoN4 to tJ_
va_u_ condCtlons _Lstod above. _here vas no opers1_on perCor_d on these
_ear_.

_q_ts l_formation shou_ assist you £n your svaluattou of t_ effects du_ to

vee_ _tx_.re and operat_ton of _our b_-ln_. We vould appreciate r_mlvJ_
a letter fr_ you stating your f_ad_n_ which v:LI_ then I_ _corporat4d Luto

our r_crt along _th our sv_uati_S. If further _afcr/_tt_ is re_u_
£Nl free to contact elt_sr Mr. Jolm _a_ or me here st Ii]_.

Very tru_ _urs,

Bouario P. OJ_uunnco

FIGURE 22A
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C OR POR AT ION i aAmOE,pntc,s,oN BALLBEARINGS

DANBURY, CONNECTICUT. TELEPHONE: PIONEER $-11201. TWX: DANB 48

June 20, 1963

Mr. Rosario P. Gismmanco

National Research Corporation

70 Memorial Drive

Cambridge 42, Mass.

Dear Mr. Giammanco:

Here is our report on the bearings returned with your letter of

May 6. 1963:

Bearing No. 1 - The inner ring of this bearing had multiple

brinell marks as a result of excess static

or impact thrust load. The inner and outer

races showed only very slight indications

that this bearing had been run. These indi-

cations consisted of very light, uneven de-

posits of the Bartemp retainer material in

the raceway running area. This deposit is

considered normal for this type of bearing

and provides the necessary lubricant film

between balls and races. The balls were clean

with no deposit and the retainer had no vlslble

wear.

Bearing No. 2 - Similar to Bearing No. i, with the exception
that there were no brine11 marks.

Bearings

Nos° 3 and 4

Bearings

Nos. 5 and 6

Slightly heavier deposit of lubricating film

on inner and outer races, but otherwise similar

to Bearings Nos. 1 and 2.

- In '*as new" condition.

It is apparent that the vacuum applied to these bearings did not

have an appreciable harmful effect and, in general, the bearings appear

as we would expect them to had they been run without exposure to vacuum.

The bearings are being returned to your attention _nder separate

cover.

LWMcK:em

Very truly yours,

THE BARDEN CORPORATION

L. W. McKee

Chief Product Engineer

FIGURE 23A
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_%of Total Resistance Potentiometer Voltage
! (volts)
M-P N-P Y-Z R-Z M-N M-P N-P Y-R Y-Z R-Z

b

54 54 54 54 49°2 24.0 24.6 49.2 24°9 23.9

% of Total Voltage

M-P N-P Y-Z R-Z

49 5o 51 49

51 51 53 53 49°5 24.4 24.8 49.5 25.0 24.1 49 5O 51 49

NO POTENTIOMETER DATA TAKEN DURING BAKEOUT

54 55 55 54 49.1 23.9 24.8 48°9 24.7 24.0 49 51 51 49

54 55 58 54 49°0 23.9 24.6 48°8 24.7 23.8 49 50 51

55 58 58 55 49.0 24.1 24.6 48.8 25.0 23.8 49 50 52

55 58 58 54 49.0 24.1 24.6 49.0 24.9 23.9 49 50 51

55 58 58 53 49.0 24.0 24.6 49°0 24.7 23.8 49 50 51

49

49

49



°,
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Date/Time

3/17/63
17oo

2100

3/18/63
0100

o5oo

o9oo

1300

1700

2100

3/19/63

0100

o50o

o9o0

1300

1700

2100

3/20/63

0100

05o0

o9oo

1300

1700

2100

3/21/63

0100

o5oo

o9oo

1300

Remarks

Read and Outgas

Read and Outgas

Read and Outgas

Read and Outgas

Read and Outgas

Read and 0utgas

Read and Outgas

Read and Outgas

Read and 0utgas

Read and 0utgas

Read and Outgas

Read and 0utgas

Read and 0utgas

Read and 0utgas

Read and 0utgas

Read and 0utgas

Read and 0utgas

Read and 0utgas

Read and 0utgas

Read and 0utgas

Read and Outgas

Read and 0utgas

Read and Outgas

Read and Outgas

System

Pre ssure

(torr)

Temperature

(°F)
Act. Pot° M-N

1.7 x 10 .9 45 45

1.6 x 10 .9 45 45

1.6 x 10 .9 45 45

1.7 x 10 .9 45 45

1.6 x 10 .9 45 44

4.0 x 10 .9 45 45

1.5 x 10-9 45 45

1.3 x 10 -9 45 44

1.4 x 10 -9 45

1.3 x 10 -9 45

-9
1.6 x i0 45

1.5 x 10 -9 45

-9
1.2 x i0 45

1.4 x 10 -9 45

1.3 x 10 .9 45

1o2 x lO -9 45

1.2 x 10-9 45

1.3 x 10-9 43

2.0 x 10 -9 43

-9
1.2 x i0 43

Potentiometer Resistance

(IOO0 ohms)

M-P N-P Y-R Y-Z R-Z

19.0 10.5 ll.O 19o0 10.8 10o2

19.0 10.5 ll.O 19o0 10.9 10o2

19.o lO.2 lO.8 19.o lO.8 lO.1

19.0 10.2 10.8 19.0 10.8 lO.l

19.0 10.4 10o8 19.0 10.8 10°5

19o0 10.2 ll.O 19o0 10.8 10.5

19.0 lO.O 10o5 19o0 10o8 10o2

19.0 lOoO ll.0 19.0 ll.O 10.5

45 19.0 10.1 10o5 18.5 i0.0 i0.0

45 19.0 10.2 10o5 19.0 10.2 10o2

45 19.0 10.5 10.5 19.0 10.5 10.5

45 19.0 10.2 10.3 19.0 i0.2 10.3

44 19.0 10.2 I0oi 18.8 10.2 i0.i

45 19.0 10.2 10.2 19.0 10.2 10.2

45 19.2 10.2 10.2 19.5 10.2 10.2

45 19.0 10.2 10.2 19.0 10.2 10.2

44 19.0 10.2 10.2 19o0 10.2 10.2

44 18.8 i0.i 10.2 18.8 i0.i 10.2

43 19.0 10.5 10.2 19.0 10.5 i0.i

43 19.0 10.5 i0.i 19.0 10.4 10.2

1.1 x lO -9 43 43

1.1 x i0 "9 43 43

1.3 x lO -9 43 43

1.6 x 10 .9 43 43

19.0 i0.2 10o2 18.8 i0.5 i0.5

19.0 10.3 i0.3 19.0 i0.4 i0.3

19.0 i0.2 i0.3 18.8 i0.4 i0.2

19.0 i0.2 10.3 18.8 10.3 10.2
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_ of Total Resistance

M-P N-P Y-Z R-Z
:------ __

55 58 57 54

55 58 58 54

M-N

49.0

49.0

M-P

Potentiometer Voltage
(volts)

N-P Y-R Y-Z R-Z

24.3 24.4 48.8 24.6 24.1

24.2 24.4 48.9 e4.6 e4.0

of Total Voltage

M-P N-P Y-Z R-Z

49 5o 51 5o

49 50 51 50

54 57 57

54 57 57

55 57 57

54 58 57

53 55 57

53 58 58

53 49.0 24.5 24.3 48°8 24.6 24.0

53 48.2 23.5 24.3 48°3 24.2 23.8

55 48°2 24.0 24.0 48.2 24.2 23.8

55 48.o 23,8 24.o 48.o 24.2 23.5

54 48.2 23,8 24.2 48.2 24.3 23°6

55 48.0 23,5 24.6 48°0 24.8 23°4

49 5o 51 50

49 50 50 49

49 5o 5O 49

49 50 50 49

49 50 50 49

49 51 51 49

53

54

55

54

54

54

55

55

55

54

53

54

53 53 48.2 23.5 24.5 48.3 24.5

54 54 48.0 23.5 24.5 48ol 24.3

54 55 48.0 _3,5 24.0 48.0 24.3

54 54 47.5 23,2 23.8 47.4 23.8

53 53 47,5 23,2 23.7 47.5 23.7

54 54 47.6 23,3 24.5 47.6 23.8

23.5 49 51 51 49

23.6 49 51 51 49

23,4 49 50 51 49

22.9 49 5O 5O 49

22.9 49 50 50 49

24.0 49 51 50 49

54

54

54

53

55

55

54

54

54

54

54

53

54 54 48.2 23.4 24.4 48.2 24°5

54 54 48.2 23.3 24.5 48,2 24.4

54 54 49°9 23.4 24 .o 47.9 24.2

53 54 47.9 23,4 24.0 47.8 24.2

55 53 48.0 23,5 23.9 48.0 24.2

54 54 47.8 23,6 23.5 48.0 24ol

23.3 49 50 51 49

23.4 49 51 50 49

23.2 49 50 51 49

23.3 49 50 51 49

23.3 49 50 51 49

23.3 49 49 51 49

54

54

54

54

54

54

54

54

55 55 48.0 23.8 e4.o 48.o e4.2

54 54 48.2 23.4 24.2 48.2 24 °2

54 54 47.8 23.4 23.8 47.8 24.1

54 54 47.9 23.5 23.9 47.8 24.1

23.6 49 50 51 49

23.5 49 50 51 49

23.3 49 50 51 49 "_i

23.3 49 50 51 49
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Date/Time

3/21/63
17oo

2100

3/22/63
OlO0

o500

o9oo

1300

1700

2100

3/23/63

OlO0

o5o0

09o0

1300

1700

2100

3/24/63
OlO0

0500

o9oo

1300

1700

2100

3/25/63

0100

05oo

o9oo

Remarks

Read and Outgas

Read and Outgas

Read and Outgas

Read and Outgas

Read and Outgas

Read and 0utgas

Read and 0utgas

Read and Outgas

Read and 0utgas

Read and 0utgas

Read and Outgas

Read and 0utgas

Read and 0utgas

Read and 0utgas

Read and 0utgas

Read and 0utgas

Read and Outgas

Read and 0utgas

Read and 0utgas

Read and0utgas

Read and Outgas

Read and Outgas

Read and 0utgas

System

Pressure

(torr)

-9
1.2 x i0

-9
1.3 x i0

-9
1.2 x i0

-9
1.2 x i0

-9
1.4 x i0

-9
1.4 x i0

1.2 x 10 -9

1.3 x 10 -9

-9
i.i x i0

-9
l.lxl0

-9
1.4xlO

-9
1.3 x i0

-9
1.2x10

-9
1.2xlO

-9
i.i x i0

l.lx 10 -9

-9
1.3 x i0

-9
1.3 x i0

1.2 x 10 -9

1.3 x 10 -9

-9
I.i x i0

-9
l.lxlO

-9
1.2xlO

Tempe rature

(°F)
Act. Pot. M-N

Potentiometer Resistance

(o s)
M-P N-P Y-R Y Z R-Z

43 43

43 43

19.o i0.3 lO.4 19.0 10.2 io.3

19.o lO.2 10.5 19.o i0.3 lO.2

43

43

43

43

43

43

43

43

43

43

43

43

19.0 i0.2 i0.4 19o0 10.3 10.3

19.0 10.3 10o3 19.0 10.2 10.3

19.0 i0.3 i0.3 19.0 10.3 i0.2

18.8 i0.2 i0.3 19o0 i0.3 i0.2

18.9 lO.1 10.4 19.0 10.5 i0.2

19.0 i0.2 10.5 19.1 i0.5 i0.2

43

43

43

43

43

44

43

43

43

43

43

43

19.0 i0.3 i0.6 19.0 10.5 i0.2

19.0 i0.2 i0.6 19.0 i0.5 10.2

19.1 lO.O i0.i 18.6 i0.2 i0.0

19.0 i0.2 I0.3 18.9 I0.2 lO.O

19.0 i0.2 10.4 19.0 i0.4 i0.i

19.0 10.2 10.3 18.8 10.3 lO.1

43

43

43

43

43

43

43 19.0 i0.3 i0.4 18.9 i0.2 lO.l

43 18.9 i0.2 I0.5 18.8 i0.2 i0.0

43 19.0 i0.0 I0.2 18.2 lO.1 i0.0

43 19.0 lO.1 i0.2 18.4 lO.O i0.0

43 19.0 10.2 i0.3 19.0 i0.3 i0.2

43 19.0 10.3 10.3 19.0 10.2 10.3

43

43

43

43

43

43

19.0 10.2 10.3 19.0 i0.2 i0.2

19.0 i0.2 i0.3 19.0 i0.3 i0.2

19.0 i0.2 i0.3 19.0 i0.3 i0.2

97



of Total Resistance

M-P N-P Y-Z R-Z M-N

- D-2.5 -

Potentiometer Voltage

(volts)

M-P N-P Y-R Y-Z R-Z

of

M-P

Total Voltage

N-P Y Z R-Z

54 54 54 54 48.1

54 55 54 54 48.1

23.0 24.1 48.1 24°3 23.2

23.5 24.O 48.O 24.2 23.3

49 50 51 49

49 5O 51 49

54 54 54 54 48.o

54 54 54 54 48.1

54 54 54 54 47°5

54 54 54 54 47.5

53 54 55 54 47.7

54 55 55 54 47.8

23°5 24.2 48.2 24°1 23-5

23.5 24.1 48ol 24.1 23.5

23.2 23.7 47.2 23-9 23.0

23-3 23.6 47 °3 23.9 23.1

23.9 24.1 47.4 23.9 23.2

23.7 24.0 47 °7 24.0 23.3

49 50 50 49

49 50 50 49

49 50 51 49

49 50 51 49

49 50 51 49

49 50 51 49

54

53

54

54

55

55

53

54

54

54

55 54 47.6

55 54 47.7

54 53 47°7

54 53 47°8

54 53 47.9

54 53 47.9

23.6 24.3 47.7 23.9 23.2

23.7 2_.2 47 o6 23.9 23.2

23.9 23.9 47.6 23.9 23.8

24.0 23.8 48.2 23.9 23°8

23.4 24.4 47.9 24.0 23.3

23.4 24.0 47.9 24.1 23.2

49 50 5O 49

49 50 51 49

49 50 51 49

49 50 49 49

49 5o 50 49

49 50 51 49

54

54

53

53

54

54

54

55

54

54

54

54

54 53 47.8 23.6 24.3 47.9 24.0 23.3

54 53 47.8 23.5 24.5 48.3 23.7 23.3

53 53 48.0 23.5 24.4 47.8 24°0 23.7

53 53 48.0 23.5 24.5 47.8 24°0 23.6

54 54 47 o9 23.4 24.0 47.9 24ol 23.2

54 54 47.9 23.5 24.0 47°9 24.1 23.3

49 50 50 49

49 50 49 49

49 50 51 49

49 50 51 49

49 50 51 49

49 50 51 49

54

54

54

54

54

54 54 47.9 23.5 24.1 47.8 24.0 23.3

54 54 47.9 23.4 24.0 47.9 24.1 23.2

54 54 47.8 23.5 23.9 47.8 24.1 23.2

49 50 51 49

49 50 51 49

49 5O 51 49

F_
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Date/Time

3/25/63

0100

0500

o9oo

o945

1215

1230

1300

1400

141o

145o

1520

1640

1700

Remarks

Read and Outgas

Read and Outgas

Read and Outgas

Calibrated Test Equip-

ment

Vacuum Run No. 1

started

Vacuum Run No. i

ended

Read and 0utgas

Vacuum Run No. 2

started

Vacuum Run No. 2

ended

Special Shutdown

procedure started

Testing actuator at

each pressure decade

Atmospheric test, dry

nitrogen

Atmospheric test, Rear Air

Torque and equipment
calibration check

System

Pre s sure

(torr)

-9
i.i x i0

-9
i.i x i0

1.2 x 10 -9

-9
1.3 x i0

-9
1.3 x lO

-9
1.2 x i0

-9
1.4 x i0

-9
1.4 x i0

760

Temperature Potentiometer Resistance

(°F) (iO00 ohms )

Act. Pot. M-____N M-__P_P N-___P Y-___R Y-Z
R-Z

43

43

43

43 19.o i0.2 IOo3 19.o IO.2 IO.2

43 19.o i0.2 iOo3 19.0 io.3 io.2

43 i9.o i0.2 io.3 i9.o io.3 io.2

43 43

43 43

43 43

43 43

19.2 io .o 9.9 19.3 10.3 10.2

44 44

45 45 19.0 10o3 10o2 18.8 10.3 i0.i



_% of Total

- D-2.7 -

Resistance Potentiometer Voltage
(volts)

'M-P N-P Y-Z R-Z M-N M-P N-P Y-R Y-Z R-Z

% of Total Voltage

M-P N-P Y-Z R-Z

54 54 54 54 47.9 23.5 24.1 47.8 24.0 23i3

54 54 54 54 47.9 23.4 24.0 47.9 24.1 23.2

54 54 54 54 47.8 23.5 23.9 47.8 24.1 23.2

49 50 51 49

49 50 51 49

49 50 51 49

55 55 55 55 47.5 23.2 23.8 47.5 23.8 23.3 49 50 50 49

54 54 55 54 47.8 23.3 23.8 47.6 24.0 23.2 49 50 51 49

/OD
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TABLE 3

VACUUM OPERATION, TEST NO. i,OF

JET VANE ACTUATOR, SERIAL NO. Ol WITH AMPLIFIER NO. i

March 25, 1963, 1215 Hours

bD

+_

O +_

o

Otn 0 I_ ,_
_+_ D_ _ o

_ o -_
-i._ o o _+_

c) r..

,-4
_-r-I

0
E_

0]

o

©
4_

•H ,--I
+-_ O

0) ._-.t

O_-H

(1)

0

1.0

-t.5

2.0

3.0

4.0

4.7

5.0

6.0

6.3

i00 Cycle Noise On

Torque Current Signal

-9
+0.2 0.0 1.3 x i0

Torque Current Noise +0.6

Increasing

Torque Current Noise +1.2
Still Increasing

Torque Current Noise +3.0

Still Increasing

Telemetry Potentlom- _3.0
eter Noise Increas-

ing

Telemetry Potentiom- !3.0
eter Noise Still

Increasing

Servo Potentiometer _3.9
Noise Appearing

Telemetry Potentiom- _3.9
eter Noise Decreasing

Telemetry Potentiom- +4.0

eter Noise Increasing

Pressure Burst +4.0

-9
+0.3 1.3 x i0

+0.5 1.3 x 10 -9

-9
+i.i 1.3 x i0

-9
+i.i 1.4 x i0

-9
+i.i 1.4 x I0

-9
+1.4 1.5 x i0

-9
+1.4 1.7 x l0

-9
+1.4 1.6 x lO

-8
+1.4 1.O x l0

43 +3.0

43 +5.0

43 +6.0

0.0

3.0

5.0

43 +5.2 6.0

43 _
,.o

43 _

0

g

%

43

12.0

30.0

3-5

3.0

22.0

30.0
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TABLE 3 (continued)

©

_._

___
_q

@

h

ep .,_r.-I
bD -P o cQ
c_ _ >
+.) _v C_
m-l--', -P h -"-,
0 _ o _

_ o
-.P 0 0 _ -I_

_'J C) h'_

.H
0

+_

_ _ +_
._ _ 0 _-1,_ -_ o

_ _ -,--I
r.D m ©r'-I

KD o +_ .H v

% r--t %
o ._ +_

o

7.0

8.0

9.0

i0.0

ii.0

12.0

13.o

13.75

Servo Potentiom- +4.0

eter Noise Increasing

Servo Potentiom- +4.0

eter Noise Increasing

Servo Potentiometer +4.0

Noise Decreasing

Servo & Telemetry

Potentiometer Noise

Increasing

Servo Potentiometer

Erratic-- Telemetry

Potentlometer Noise Up

End of Run Servo

Potentiometer Still

Erratic

+4.0

+4.0

+4.0

+4.0

+4.0

+i.5

+i.5

+1.5

+1.5

+i.5

+i.5

+I. 5

+i.5

2.0 x 10 -9

-9
2.2 x i0

2.4 x _0 -9

-9
2.0 x i0

2.0 x 10 -9

-9
1.3 x I0

1.4 x 10 -9

-9
1.3 x I0

43 15 .o

43 _ 15.0

(D

43 _ 1o .o
#a

43 _ 22.0

o

44 _ _ 30.0

o

©

44 _ 30 o0

44 _ 30.0

44 30.0

/02
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TABLE 4

VACUUM 0PERATION,TEST NO. 2,OF JET VANE ACTUATOR

S_IAL NO. 0i WITH _LIFiER NO. l

March 25, 1963, 1400 Hours

bD

O

h
©

+_ "-_ _'_J (D 0"--"
r-I _ .,o _.--.
0-t _ 0 _ _

_rq _ ,_ 0
0 _ 0 +_

-_ _ 0 _ _-_

4_
D

O
4_
O "_

0) .r4

0
E_

©

.,'-I

o

.4o

•H r---I

(1) °H
4-_ ,---t
0,--t

%
+_

r---I

0

1.0

2.0

3.0

5.0

6.0

7.0

8.0

9.0

i0.0

+O .15

Torque Current Signal +4.0

i00 Cycle Noise De-
creased

Torque Current Signal +4.0
Increased

Servo Potentiometer +4.0

Noise Appearing

Pressure Burst +4.0

Servo Potentiometer

Signal Very Erratic,

Telemetry Potentiom-

eter Signal Also

Erratic

+4.0

+4.0

+4.0

+4.0

+4.0

+4.0

+7.0End of Test Run

-9
0.0 1.4 x 10 43

-9
+1.4 1.4 x i0 43

-9
+1.4 2.0 x i0 43

-9
+1.4 2.8 x i0 43

+1.4 3.0 x 10 -8 4 3

+1.4 2.2 x 10 -9 44

-9
+1.4 2.2 x i0 44

+1.4 2.4 x 10-9 44

-9
+1.4 2.2 x i0 44

-9
+1.4 2.2 x i0 44

+1.4 2.2 x 10 -9 44

+1.4 _.3 x lO-9 45

+1.5

+15.0

0.0

6.0

15.0

8.0

i0.0

30.0

8.0

8.0

3O .0

75.0

20.0

30.0

/ C3
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TiBLE 5

VENTIi{GOPERATIONTESTOFJETVANEACTUATOR

SERIALNO. Ol WITHAMPLIFIERNO. I

March 25, 1903, 1450 Hours

©

.H

0 -P

._-I

(D ---_

r/l

o

o
b9
_J

-0
,-t
0

O)
+_

bJ] -P 0

0-_ 0 g-_ _

0 I_ 0
-lab. 0 ©+_

o

-o
aJ

©
E-t

c_o

o

-0

©

o
4-_ .H

.r-I

%
0
E-t

_D

0

©.--.

0 +_

0

0
!0_ .H

+_

@

1

i

i

i

i

i

Servo Potentiometer +2.4
m

Voltage Noisy

+2.4

" +2.4

" +2.4

Actuator Zero +2.4
Position Shifted

Adjusted Amplifier +i.i
Balance Potentiometer

Servo Potentiometer _3.1
Voltage Clearing Up

+0.8 7.0 x 10-9

-8
+0.8 5.0 x i0

+0.8 5.0 x 10 -7

+0.8 5.0 x 10-6

+0.8 4.0 x 10-5

+0.3 ---

45

45

44

44

43

43

+l .i 760 43

©

o

_.H
O

•_ O

3.0

5.0

30 .o

6.o

6.0

5.0

i0.0
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TABLE 6

POST VACUUM A_OSPNERIC TEST

OF JET VANE AC_ATOR

SERIAL NO. Ol WITH AMPLIFIER NO.

March 25, 1963, 1640 Hours

E

E_
©

m

u_

h0

+_

_ cD
o-_

.p _ _.-.-, (D

0 _ 0 P._ _

I_ 0
-P 0 0 ©-P

H r_ CQ

©

c_o

0
4._
c_

4._
0

©

%

.r-.I
o

©

o _

+_
o

+_ ._
o

@

©
E_

0

i

1.5

.H
O

©

+_

C_

%
o

+0.3 +o.i 76o 78

+3.8 +1o4 760 78

_3.8 +1.4 760 78

o
-p

©

©

,Q

4-_
0

r-t

hO
.r-I
r_

o°5

3.5

4.0

©

m

0
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TABLE 7

CALIBRATION OF JET VANE ACTUATOR

SERIAL NO. 01 WITH AMPLIFIER NO. i (Torque Vs Current)

Date

Current

(milliamps)

3/15/63

3/25/63

Counter

Remarks Weight Torque Clockwise Clockwise

(grams) (oz-in)

Before i0 0.09 4.1 4.1

Vacuum

Exposure 20 0.18 7.3 7.3

50 0.44 15.5 15.0

i00 0.89 30.0 30.0

150 1.33 42.5 42.5

200 1.78 56.0 56.0

250 2.22 70.0 70.0

300 2.66 83.0 *

After 50 0.44 14.0 12.0

Vacuum

Exposure i00 0.89 26.5 23.0

200 1.78 49.0 46.0

*Torque motor stalls with _ 2.20 oz.-in. °F -- Torque in Counter Clockwise direction°
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TABLE8

CALIBRATIONFACTORSOFMULTI-CHANNELRECORDER

FORJETVANEACTUATOR,SERIALNO. Ol WITHAMPLIFIERNO. i

Recorder
Channel

i

2

3

4

5

6

Parameter Measured

Input Voltage

Servo Potentiometer Output Voltage

Vacuum System Pressure

Actuator Case Temperature

Torque Current

Telemetry Potentiometer Noise

Calibration Factor

3 volts/cm

3 volts/cm

i
4 millivolts/cm on --i--scale

2 millivolts/cm on --_ scale

15 milliamps/cm

30 millivolts/cm
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TABLE 9

PRE-VACUUM ATMOSPHERIC TEST NO. i OF

JET VANE ACTUATOR, SERIAL NO. 02 WITH AMPLIFIER NO. 4

o

o
4o

m

E
r_v ©

O

b.O 0
cO

h
0 0

.+_
_)
_-_ .H O
(D _-'- -+o b,

© .H_ .lar--I

o+_ o _ 0-_ _

o o _ o
+_ > o I_ o-P
_'--J > o ._o .._...

_ E_

o

r.D
P._

0 c3
._ .,-I
0 ,--I

.,-I

a_

o

o
hO

o
>

©

©

or--,

+_ +_

O

o_-_
0_

0

1.0

2.0

3°0

4.0

5.0

6.0

April 5, 1963 1545 Hours

Telemetry Potentiom- +2.7 _+0.9 0.0
eter Noise Slightly
Erratic

" +2.7 +i.0 i. 5

" +_2.7 +i°0 3.8

" +3.5 +1.2 6.4

" +3.0 +i. i 4.5

" +3.o +l.l 3.8

" +3.0 + 1.i 3.8

760

760

760

76O

76O

760

760

+ 9.0

+14.o

+z5 .o

+16.5

+16.5

+16.5

+17.4

+o.8

+0.8

+0.8

+i .0
i

+i.0

+i.0

+i .0

April 8,

0 " +_3.0

1.0 " +3.0

2.0 " +3.0

3 .o " +3 .o

4.0 " +3.0

1963, 1645 Hours

+i .i 0.0

+i .i 6.0

+i .i 6.0

+i .i 6.2

+i.i 6.0

760

76O

76O

76O

76O

+1o. 5

+15.0

+16.5

+--16.5

+16.5

+i .0

+i .0

+i .0

+l oO

+1 .o
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TABLE 9 (continued)

@

4a

_v

u]

bD

O

O

<4

H

@

+)

o

+_
(D _"-.

0 4o
•r--I r-I
+_ 0

(1) "-_
+-)
0

0
_>

_J

©

0

(D
.+.) _--,,

0 r-H
"_ 0

.r_

+) r-H
0 "_

+_

©

0

©_-_

O_

@

u]

O -_

© ._

O

bD

@

o

+_

o o

+)
©

April

5.0 Telemetry Potentiom- +3.0

eter Noise Slightly

Erratic

6.0 " +3.0

7.0 " +3.0

8.0 " +3.0

9.0 " +3.0

i0.0 " +3.0

ii .0 " +3.0

12.0 " +_3.0

8, 1963,

+i.i

+i.i

+i.i

+i.i

+i.i

+i.i

+i.i

+i .I

1645 Hours

6.0

5.8

5.6

5.8

5°8

5.8

5.8

6.0

760

76o

76o

76o

76o

76o

76o

760

+--16.5

+16.5

+16.5

+16.5

+--16.0

+--16.0

+_16.0

+16.0

+i .0

+i .0

+I .0

+i .0

+i .0

ti .o

+i oO

+_i.o

April 9,

o " +3.75

i .0 " +'3.41

2.0 " +4.2

_.5 " +4._

1963,

+1.2

+i.l

+1.5

+1.5

1335 Hours

1.5

1o5

8.0

i0.0

760

760

760

760

+14.0

+14.0

+15.0

+-i5.0

+i.i

+i .0

+i .4

+i °4
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TABLE i0

PRE-VACUUM ATMOSPHERIC TEST NO. 2

OF JET VANE ACTUATOR, SERIAL NO. 02 WITH AMPLIFIER NO. 4

April 9, 1963, 1400 Hours

_v

Ul

h

hO 0

0
+_

o +_

@ o

o _ (D.H

bD -_r-_ ON u_

Or.., O _ D-_ h

-p _D IEI o
-P,-I o I_ © -to
_ O _ _ +_--"

64 OD E-_ _]

+)

©

__) u_

O

o

c_

o
E_

bD

0

©

o _q
•H +_
+_-_

O

O
D_

(D

(D

0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

i0.0

ii .0

12.0

i00 Cycle Noise On

Torque Current

Transistor Trouble

Replaced Transistor
To Get Best Signal

I!

II

II

+1.2 +0.5 6.0 760 +14.0 +0.3

+2 .i +0.8 4.0 760 +i6.5 +0.6

+2 1

+2 1

+2 4

+2 4

+2 4

+i 8

+i 5

+2 1

+-i 9

+-i 9

+i 9

+0.8 2.0 760 +16.5 +0.6

+0.8 2.0 760 +16.5 +0.6

+0.8 4.0 760 +16o5 +0 o6

+0.8 4.0 760 + 16.5 +0o 6

+0.8 4 o0 760 +_15.0 +_0.6

+0.6 3.0 760 +16.0 +0.5

+0.6 7.5 760 +15.0 +0.5

+0.6 3.8 760 +15.0 +0.5

+0.6 3.8 760 +15.0 +0.5

+0.6 7.5 760 +15.0 +0.5

+0.6 7°5 760 +15.0 +0.5
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TABLE i0 (continued)

E_-_

_3v

u_

©

r---I r-,
0

-_ 0

_ ......,

I---I

u_

0

H h
0 ©_-_

© 0 0

0+_ _ r-I

¢O O

O

o

©

r/1

q)

_ o
_+_

-O'-J
r/l

0 .r--I

,-t

©._-t

0

b_

,--t
0

©
+_
©

0_-"

+_ -_

0
+_
O'_J
D_

+_
©

13.0

14 .O

!5.0

All Circuits Operat- +1.9

ing Normal

End of Test Run

+0.6 7.5 760 +15.0 +0.5

+i. 6 +0.5 7.5 760

+1.7 +0.6 7.5 760

±15.0

±15.0

+0.5

+0.5
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TABLE ii

LOG OF VACUUM SYSTEM PRESSURE AND OF THE PRESSURE

INSIDE THE JET VANE ACTUATOR CASE (SERIAL NO. 02)

DURING INITIAL PUMPDOWN AND VENTING PHASES OF EXPOSURE TEST NO. 2

Date/Time

4/9/63
1452

1453

1454

1456

1500

15o6

1511

1515

152o

1525

153o

154o

155o

4/19/63
1231

1232

1233

1234

1235

1236

Manometer

Readings Actuator

Eemarks Left Right Pressure

(ram) (ram) (torr)

Pumpdown Started 458 458 749

Read 446 470 725

Read 396 520 625

Read 361 575 535

Read 275 640 384

Read 194 720 213

Read 152 760 141

Read 131 781 99

Read 114 798 65

Read 91 821 19

Read 84 827 6

Read 82 829 2

Closed Manometer 82 829 2

Clamp

Opened Manometer

Clamp -- Venting

with Dry Nitrogen

Read

Read

Read

Read

Re ad

System

Pre ssure

( Itorr )

749

7oo

61o

53o

38o

210

140

93

58

13.5

3.3

-3
9.2 x I0

5.2 x 10-3

823 89 16 28

81o lO5 35 5o

765 155 14o 18o

655 265 36o 4oo

590 330 49o 51o

550 370 570 600
/I_
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TABLE ii (continued)

Date/Time Remarks

4_/19/63
1237

1238

Manometer

Readings

Left Right

(_) (_)

Actuator

Pre ssure

(torr)

Read 485 435 700

Read -- System at 458 458 750

atmosphere

System
Pre ssure

(torr)

710

75o



TABLE 12

LOG OF PUMPDOWN DATA AND POTENTIOMETER DATA

FOR EXPOSURE TEST No. 2

(JET VANE ACTUATOR, SERIAL NO. 02 POTENTIOMETER, SERIAL NO. 200)

AI,[DPRE--LOADED BEARING



°,

- D-12 -

Date/Time

4/8/63
1700

4/9/63
1200

1230

1400

1452

1625

1855

19oo

2200

4/lO/63
0200

O6OO

o63o

i000

1400

1800

2200

4/n/63
0200

0600

i000

1400

18oo

Remark s

System

Pre ssure

(torr)

Temperature Potentiometer Resistance

(°F) (IOO0 ohms)

Act. Pot° M-N M-P N-P Y-R Y-Z R-Z

Read - after condition-

ing of potentiometer

760 75 75

Read - after installa-

tion of potentiometer

760 79 79

Torque and equipment

calibrated

Run Atmospheric Pre-

Vacuum Test

Mechanical Pump on

(See Table ii for

manometer data)

760 81 81

760 81 81

82 82

-3
2" Diffusion Pump On 4.5 x i0

6" Diffusion Pump On

81o5 81

4.3 x lO "5 73 74

73 74

1.5 x lO "5 158 185

-5
Bakeout started, liquid 4.0 x i0

nitrogen to rear trap

Re ad

19.o 9°8 io.o 18o9 lO.2 io.

18.5 i0.0 i0.i 19.0 10.2 i0.,

17.9 9.5 9.9 18.1 i0oi lO.O

18oi 9.9 lO.1 17.9 lO.O 9.9

1.0 x 10 -5 161

-6
9.5 x io

Read

Bakeout ended, liquid

nitrogen to front trap

-6
Read and Outgas 1.2 x i0

Read and Outgas 1.3 x 10 -8 47

Read and Outgas 1.0 x 10 -8 45

-9
Read and Outgas 9.6 x i0 45

Read and Outgas 8°2 x 10 -9 46

186

44

42

42

42

18.2 9°9 i0°i 18o0 i0.i 9.9

19.o io.o lOol 18oO lO.1 lO.C

18o5 i0.0 i0.0 18.0 lO.O lO._

18o4 9.7 lO.0 18ol 9.8 9.7

18.2 9.8 lOoO 18o0 9.9 9.5

Read and Outgas

Read and Outgas

Read and Outgas

Read and Outgas

Read and Outgas

7.2 x 10 -9 45 42

6.2 x i0-9 44 42

6o3 x i0 -9 45 42

7°7 x i0 -9 44 40

6.6 x 10 -9 45 42

18ol

18.o

18.2

9.8 IOoO 18oO 9.9

9.8 io.o 18oO 9°9

9.8 IO.O 17.9 io oO

18.5 i0.0 iOoi 18o0 i0.0

18.1 9.7 i0.0 i8.0 9.8

/is"
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of Total Resistance

M-P N-P Y--Z R-Z

Potentiometer Voltage

(volts)
M-N M-P N-P Y-R Y-Z R-Z

% of Total Voltage

M-P N-P Y-Z R-Z

52 53 54 53 47.5 22.9 23.8 47.4 23.8 23.2 48 5o 5o 48

53 53 54 53 48.2 23.2 24.5 48.0 24.0 24.0 48 51 5o 5o

55 ::_:-, _.:_:, 4..J.! 23.1 2, .3 4_;.:1 24.t 23.4

55 56 56 55 48.2 23.3 24.4 48.1 24.2 23.4 48 5l 5o 48

55 56 56 55 48.5 23.2 24.6 48.5 24.2 23.5 48 51 5o 48

54 55 55 48.4 23.5 24.6 48.3 24.4 23.7

55 55 55 48.4 23.5 24.6 48.2 24.4 23.7

55 54 54 48.2 24.0 24.3 48.5 24.2 23°5

55 54 54 48.2 23.9 24.1 48.3 24.2 23.7

48 51 51 49

48 51 51 49

49 51 50 48

49 50 51 49

55 54 54 48.0 23.2 24.2 48.0 24.1 23.5 48 51 50

55 54 54 47.9 23.1 24.2 47.9 24.0 23.2 48 51 50

55 55 54 47.9 23.2 24. i 48.0 24. i 23.3 48 51 50

55 55 54 47.9 23.8 24.3 47.9 24.2 23.5 48 51 51

55 54 54 48.2 23.6 24.3 48.2 24.3 23.5 48 51 51

48

48

48

48

48 //f



- D-12.2 -

Date/Time

4/11/63
2200

4/12/63
0200

o6oo

i000

i400

1800

2200

4/13/63
0200

o6oo

I000

1400

180o

2200

4/14/63
0200

o6oo

i000

1400

18o0

2200

4/15/63
0200

0600

i000

i400

1So0

2200

Remarks

Read and 0utgas

Read and 0utgas

Read and 0utgas

Read and 0utgas

Read and 0utgas

Read and 0utgas

Read and 0utgas

Read and 0utgas

Read and 0utgas

Read and 0utgas

Read and 0utgas

Read and 0utgas

Read and 0utgas

Read and 0utgas

Read and 0utgas

Read and 0utgas

Read and 0utgas

Read and 0utgas

Read and 0utgas

Read and 0utgas

Read and 0utgas

Read and 0utgas

Read and 0utgas

Read and 0utgas

Read and 0utgas

System

Pre ssure

(torr)

6.1 x 10 -9

Temperature

(°F)
Act. Pot. M-N

Potentiometer Resistance

(i000 ohms)
M.P " N'P Y-R Y-Z R-Z

45 42 18.0 9.7 i0.0 17.9 9.9 9.7

5.9 x i0"9 45 42 18oi

5o4 :x i0_9 45 42 17.9

6.2 x i0 -9 45 42 18.0

6.9 x 10 -9 45 42 18.2

5°0 x iO -9 45 42 18.0

4.9 x 10 -9 45 42 18ol

4.9 x 10 -9 45 42

5.0 x 10 -9 45 42

5.8 x 10 -9 45 42

-9
5.5 x i0 45 42

4.7 x 10-9 45 42

4.8 x 10 -9 45 42

4.9 x 10 -9 45 42

5.0 x 10-9 45 42

4.9 x 10 -9 45 42

-9
4.6 x i0 45 42

-9
4.6 x i0 45 42

-9
4.5 x i0 45 42

3.8 x iO -9 45 42

4.1 x lO -9 45 42

-9
4.1 x i0 45 42

4.2 x 10 -9 46 42

4.0 x 10 -9 47 43

4.0 x i0-9 47 42

9.9 i0.0 18.1 i0.0 9.8

9°8 9.9 17.9 9.9 9.8

9.9 9°9 18.0 i0.O 9.8

9.9 9°9 18.0 i0.0 9.8

9.8 i0.0 17o8 9.9 9.8

9.8 io.0 18oO I0.0 9.8

18 o0

18.0

18.o

9.8 io.o 17o9 9.9 iOoO

9.9 i0.0 18.o i0.0 9°9

9.9 io.o 18.o iO.O 9.9

18.0 i0.0 I0o0 18o0 i0°0 i0.0

18o2 9.9 i0.0 18.0 i0.i 9.9

18.2 9.8 i0.0 18o0 I0.0 9.8

i8.o 9.9 io.o 17.9 9.9 9°8

18,o 9.8 io.o 17.9 io.o 9.9

i7.9 9.8 9.9 i7.9 9.9 9 .8

i7.9 9.7 9.9 i7,8 9.9 9°7

17.9 9.8 io.o 17o9 9.9 9.8

17.9 9.7 iO.O 17.8 9-9 9.8

i8.o 9.8 io.o i8.0 iO.O 9.8

i8.o 9.8 9.9 i8.o 9.9 9 .8

18.3 10.2 io.1 18.2 io.i i0.0

18.1 i0.i iOo0 18,2 io,0 io,1

i7.9 9.8 9.9 i8.o 9.9 9.8

i8.i 9.8 9.9 i8.2 9.8 9.7

II"



% of Total Resistance

M-P N-P Y-Z R-Z

Potentiometer Voltage

(volts)

M-N M-P N-P Y-R Y-Z R-Z

% of Total Voltage

M-P N-P Y-Z R-Z

54 55 54 54 48.3 23.5 24.4 48.2 24.3 23.6 48 51 51 49

54 55 55 54

54 54 54 54

54 54 55 54

54 54 55 54

54 55 54 54

54 55 55 54

48.1 23.2 24.3 48.0 24.1 23.3

48.1 23°2 24.4 48oi 24.1 23.4

48.0 23.5 24.4 48.0 24.2 23.6

48.0 22.3 24.7 48.0 24.4 23.5

47.9 23.1 24.9 47.8 24.0 23.8

47.9 23.2 24.3 47.8 24.2 23.5

48 51 5o 48

48 51 50 48

48 51 51 49

48 52 51 49

48 52 51 49

48 51 51 49

54 55 54 55

54 55 55 54

54 55 55 54

54 55 55 55

54 55 55 54

54 55 55 54

54 55 55 54

54 55 55 54

54 54 54 54

54 54 54 54

54 54 54 54

54 54 54 54

48.2 23.5 24.5 48.2 24.2 23.6

48.1 23.5 24.5 48.2 24.2 23.5

48.0 23.3 24.4 48.4 24.0 23.5

48.2 23.5 24.4 48.4 24.0 23._4

48.2 23.3 24.3 47.8 24.2 23.3

48.2 23.4 24.3 48.0 24.2 23.5

48.2 23.4 24.5 48.2 24.2 23.5

48.2 23.4 24.5 48.2 24.2 23.5

48.2 23.3 24.4 48.1 24.1 23.4

47.9 23.2 24.2 48.0 24.0 23.3

47.8 23 .i 24.4 48.2 24.2 23.4

47.8 23.1 24.3 48.1 24.2 23.4

48 51 51 48

48 51 50 48

48 51 49 48

48 51 49 48

48 51 51 48

48 51 51 48

48 51 51 48

48 51 50 48

48 51 5O 48

48 51 5O 48

48 51 50 48

48 51 50 48

54 55 55 54

54 54 54 54

56 55 55 55

55 55 55 55

54 54 54 54

54 54 54 54

48.2 23.2 24.2 48.2 24.2 23.5

48.2 23.2 24.2 48.2 24.2 23.5

47.8 23.5 24.2 47.8 24.2 23.4

47.5 23.0 24.5 47.5 23.9 23.2

47.5 22.9 23.9 47.6 23.9 23.0

47.7 23.0 24.1 47.5 23.9 23.2

48 5o 5o 48

49 50 50 48

48 51 51 48

48 51 50 48

48 51 50 48

48 51 50 48
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Date/Time

4/16/63
0200

o6oo

iOOO

1400

1800

2200

4/17/63
0200

o6oo

iOOO

1400

18oo

2200

4/18/63
0200

0600

o915

iOOO

lO15

1200

153o

17oo

19oo

Remarks

System

Pre ssure

(torr)

Read and 0utgas

Read and 0utgas

Read and 0utgas

Read and 0utgas

Read and 0utgas

Read and Outgas

Temperature Potent iomete r Re si stance

(°F) (IOO0 ohms)

Act. Pot. M-N M-P N-P Y-R Y-Z

Read and Outgas

Read and Outgas

Read and Outgas

Read and 0utgas

Read and 0utgas

Read and Outgas

3-9 x i0-9 47 42 17o9

3.9 x i0-9 47 42 17.9

4.6 x 10 -9 48 43 18o0

4.7 x 10 -9 48 43 18oO

4.5 x i0-9 49 44 17.9

4oi x i0-9 50 44 17.9

4o3 x iO-9 50 43 17.9

-9
4.4 x i0 50 43 18.0

4.4 x 10 -9 48 42 18.0

4.4 x 10 -9 48 42 18oO

4°2 x 10-9 48 42 18o0

3.9 x 10-9 48 42 18o0

-9
4.2 x i0

4.2 x 10 -9

5.6 x 10 -9

Read and Outgas

-9
Read and Outgas 3.9 x iO

Instrumentation cali-

brated

-9
Read and Outgas 4°6 x iO

Actuator vacuum test

started

Read -- Taking actuator 5.1 x 10 -9

data every 5 minutes

-9
Actuator shifted -- 6.3 x i0

Readjusted balance to stop

shift of zero point

Read -- Taking actuator 6.5 x 10 -9

data every 15 minutes

UHV gauge kicking off

due to pressure burst

9.8 i0.0 17o9 9.9

9°9 i0.0 17.9 9°9

9.6 i0o0 17o8 9.8

9°6 lO.O 17.7 9.8

9.8 iO.0 17.9 i0.O

9.8 iO.0 17.9 9.9

R-Z

48 42 18.0

48 42 18o0

48 42

9.8

9.9

9.5

9.6

9°8

9°8

48 42

48 42

9°8 iOoO 18oO i0oO 9.8

9.8 9.9 17.9 i0o0 9°8

9.5 iOo0 17.8 iOo0 9o5

9.6 i0.0 17.8 IOoO 9.6

9°8 i0o0 17.8 i0o0 9.8

9°8 i0o0 17.8 i0.0 9°7

9.8 iO.0 18o0 i0.0 9.8

9°8 iO.0 18.0 i0o0 9°8

18o0 9.8 9.9 18.0 9°9

50 42 18o2 9.6 i0.0 18ol i0o0

5o 42

51 43 18.2 9°8 io.o 18.1 i0.0 9._

//'7



% of Total Resistance Potentiometer Voltage

(volts)

•M-P N-P Y-Z R-Z M-N M-P N-P Y-R Y-Z R-Z

54 54 54 54 48ol 23.2 24°2 48ol 24.2 23°3

54 54 54 54 48ol 23.2 24.2 48ol 24 oi 23.2

53 54 54 53 47°7 23.0 24.2 47.6 23.9 23.3

53 54 54 53 47.8 23.1 24ol 47.8 23°8 23.2

54 55 55 54 48.0 23.0 24.2 48.0 24 o0 23.3

54 54 54 54 48.0 23ol 24.2 48.0 23°9 23.3

54 55 55 54 48ol 23.2 24.2 48.1 24.2 23.3

54 55 55 54 48.1 23.2 24.2 48.1 24.2 23.3

53 55 55 53 47.8 23 .i 24.1 47.8 24 .I 23.2

53 55 55 53 47.7 23 .I 24.2 47.8 24 °2 23.2

54 55 55 54 47.8 23.3 24.1 47°9 24°0 23.3

54 55 55 54 47.8 23.2 24.1 47.9 24.2 23.3

54 55 55 54 48.1 23.2 24.2 48.1 24°2 23.3

54 55 55 54 48.1 23.2 24.2 48.1 24.2 23.3

% of Total Voltage

M-P N-P Y-Z R-Z

48 51 5o 48

48 51 5o 48

48 51 5o 48

48 51 5o 48

48 51 5o 48

48 5o 5o 48

48 5o 5o 48

48 51 5o 48

48 51 5o 48

48 51 51 48

48 51 51 48

48 51 5o 48

48 51 51 48

48 51 5o 48

54 54 54 53 47.8 23.1 24.2 47.8 24.0 23°4 48 51 5o 48

53 55 55 54 47.8 23.2 24.1 47°9 24.0 23°3 48 51 5o 48

53 55 55 54 47.8 23.2 24.1 47.9 24°0 23.3 48 51 5o 48

/20
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Date/Time

4/18/63
21oo

4/19/63
0100

O5OO

O9OO

1050

ii00

1230

1238

1240

1245

Remarks

System

Pre ssure

(torr)

-9
Read 6.5 x i0

Re ad

Re ad

Read

-9
Read 6.8 x i0

Special shutdown proce-
dure started -- Actuator

still operating

Taking data at each

pressure level

Venting with dry 28

nitrogen

Actuator still operating 750

but deteriorating fast

Actuator test ended 750

Read 750

6.6 x 10 -9

-9
6°8 x lO

6°8 x 10 -9

Temperature Potentiometer Resistance

(°F) (i000 ohms )

Act. Pot. M-N M-P N-P Y-R Y-Z

48 44 18.2 9.9 i0.0 18o0 i0o0

49 44 18 .i

50 43 18.2

49 42 18.0

5O 43

9.9 i0o0 17.9 i0.0

9.9 i0.0 17o9 i0o0

9.5 i0o0 18.0 I0.0

18.0 9.8 i0.0 18.0 i0.0

58 45 18.0 9o7 i0.0 18.2 i0.0

5o 52

R-Z

909

9.8

9.9

9.6

9.8

9.7

11/



of Total Resistance

M-P N-P Y-Z R-Z

54 55 55 54

54 55 55 54

54 55 55 54

53 55 55 53

54 55 55 54

- D-_.7 -

Potentiometer Voltage

(volts)

M N M-P N-P Y-R Y-Z R-Z

48.0 23.3 24.3 47.8 24ol 23.3

47.9 23.2 24.2 47.8 24ol 23.2

47.9 23.2 24.2 47.8 24.0 23.2

48.0 23.2 24.2 47.8 24.0 23.2

48.0 23.0 24ol 47.7 24.1 23.3

of Total Voltage

M-P N-P Y-Z R-Z

48 51 51 48

48 51 51 48

48 51 5o 48

48 51 5o 48

47 51 51 48

54 55 55 54 47.9 20.2 24.2 47.9 24.1 23.3 48 51 5o 48
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TABLE 13

VACUUM OPERATION TEST

OF JET VANE ACTUATOR, SERIAL N0. 02 WITH AMPLIFIER NO. 4

April 18, 1963, 1015 Hours

@

.r4
E_

_qv
@

bD O

-p

o @

(D

+_-_ ._

H+ _ _ o
o r-_ _ _.

040 0 _v P.4

o _ _ o
-_> o _ _-_
_v h' © -P "-"

H r_

-0

o

o ._1

o

@

r-i
0

b"

©

©

0
.,-I

-4-) r-I
0 0

P_ b"

@

@

0 All Signals Normal +0.3

o.5 " +2.1

i .0 " +2. i

1.5 " +_.o

2.0 " +2. i

3.0 " +--2.i

4.0 " +i .8

5.0 " +i. 8

5.1 Actuator Zero +_2.1
Position Shifted

5.4

6.0

Reduced Input Voltage +0.8

Shifted Zero Balance +1.8

Potemtiometer

All Signals Normal +1.8

Again

All Signals Normal +2.3

-9
0.0 0.0 5.6 x i0

-9
+0.6 3.7 5.0 x i0

-9
+0.6 3.0 5.2 x i0

+0.6 3.0 5.6 x io-9

+0.6 3.2 5.6 x lO-9

-9
+0.6 3.0 5.9 x 10

-9
+0.6 2o4 6°2 x i0

+0.6 i0.0 6.2 x i0-9

-9
+0.3 7.5 6.2 x i0

-9
+0.2 1.2 5.9 x i0

+0.5 5.4 6.0 x i0 -9

+0.5 5.o
-9

6.0 x i0

-9
+0.8 4.3 6.0 x lO

+ 3.0

+27.0

+23.5

+23.0

+22.5

+22.5

+21.0

+22.5

+22.0

+22.0

+22,5

+22.5

+22.5

0.0

+0.9

+0.8

+0.8

+0.8

+0.8

+0.8

+0.8

+0.8

+0-5

+0.8

+0.8

+0.8



7.0

8.0

9.0

i0.0

ii .0

12.0

53.o

14 .o

15.0

16.0

17.0

18.0

19-0

20.0

21 o0

22.0

23.0

24 .o
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TABLE 13 (continued)

u]

_D

o

o

m

_0 o

o ¢)

.Jpr_ .H ,--I
_ _ -_ 0

o _ _ ._
•H o +_
+_ _ O_

o
+_
©

o
b

m

©

r_

_ o
_ +_
.I.._ v

r_

All Signals Normal

f!

T_

f!

t!

f!

!!

!!

!!

Pressure Burst

All Signals Normal

!!

Pressure Burst

All Signals Normal

!!

!!

!!

!!

+2.3

+2.3

+2.3

+2.3

+2.3

+2.2

+2.2

+2.2

+2.2

+2.2

+2.2

+2.0

+2.0

+2.0

+2.0

+2.0

+2.0

+2.0

+0.8

+0.8

+0.8

+0.8

.,,-0.8

+0.8

+08

+O8

+08

+08

+08

+0 8

+0.8

+0.8

+0.8

+0.8

+0.7

+0.6

5.8

4.1

4°0

7.8

6.2

4.0

3.8

3.8

3.7

11.5

7.5

5.2

7.8

4.0

4.0

4.0

4.0

3.7

-9
6.!x!0

-9
6.1 x i0

5.9 x 10-9

-9
5.8 x i0

5.1 x lO-9

-9
4.5 x i0

-9
4.0 x i0

-9
4.0 x i0

-9
4.0 x i0

-7
6.6 x i0

-9
6.3 x i0

-9
5.9 x i0

-8
1.0 x i0

6.8 x lO-9

-9
6.8 x i0

-9
7.0 x i0

7.2 x 10 -9

-9
7.0 x i0

+_

L

o
-im .H
O,--t

%
o

+23.1

+22.6

+22.8

+22.5

©
t_

,-I
o

©
.ta

or..

,-I
© o

+_ _.
o--_"

P_

b_

©

©
,-{

+0.8

+0.8

+0.8

+0.8

+0.8

+0.8

+0.8

+0.8

+0.8

+0.8

+0.8

+0.7

+0.7

+0.8

+0.8

+0.6

+0.6

+0.5
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TABLE14

VENTINGOPERATIONTESTOF

JET VANEACTUATOR,SERIALNO. 02 WITHAMPLIFIERNO. 4

April 19, 1963, ii00 Hours

©

_v

0

u]

co
o_

.H

bD

+_

o
E_

cq

h

(D

_g o

o

o

+_
_ o _)

o _D >

h0 +_ _ O_

0 _ 0 > _'---" D_--

+_ o o _ co o

All Channels Operat- +2.4 +0.8

ing Normally

Torque Current and +2.1 +0.7

Telemetry Potentiom-

eter Noise Signals +2.1 +0.7
Increasing With

Pressure +2.1 +0.7

+2. i +0.7

+2.Z +0.7

+1.8 +0.7

+i. 9 +0.7

+2. i +0.7

+2. i +0.7

+2.1 +0.7

Torque Current Sig- +2.1 +0.7
nal Not Readable

0pe_ed Manometer +--2.i +_0.7
Clamp

Torque Current Noise +2.1 +0.7

Still Increasing

4.5

4.6

4.5

6.0

5.4

5.4

3.7

4.0

7.5

7.5

7.6

15.0

ii .8

15.0

-9
7.0 x i0

-8
2.0 x i0

-8
4.0 x i0

-8
6.0 x i0

-8
8.0 x i0

-7
1.0 x i0

-7
5.0 x i0

-6
5.0 x i0

5-0 x 10-5

1.6 x i0

28

28O

180

+_

©

u]

O .H
_H

o

+22.5

+22.5

+22.5

+22.5

+22.5

+22.5

+21.5

+19.0

+22.5

+22.5

+21.5

@ @ >

O"d _
N m

(1) _.H
_ 0

0 0 0

bD

.._
r-_
0
>

©

0.--_

+_+_

_] 0

b

(1)
r---I

+0.8

+0.7

+0.7

+0.7

+0.7

+0.7

+0 -7

+0.7

+0.7

+0.7

+0.7

+0.7

+0.7

+0.8

Imf
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TABLE 14 (continued)

©

_v
,-I

bD

N
O_
_N

O

_4

H

o

o ©

ON
+_ ._ o

_ _._
o-_ @N
•_N +_N
+_ 0 0-_

0

0

N

(1)

0

___
©
+_
U]

+_

©

o

o ._

ON
_._

o

©
b.O

0
p_

_J

@

•_ +_

0

0

©

N

©

-r-I

b.O

-r-t
+_ _

_ +-_

r--I .r--I

-0
OCO

Torque Current Noise +_2.1 +_0.7 15.0

Still Increasing

+2.1 +0.7 15.0

+2.1 +0.7 11.2

4OO

600

760

o

o

@ (D

r_) © @
N_

o o

+0.8

+O.8

+0.8
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TABLE 15

POST VACUUM ATMOSPHERIC TEST

OF JET VANE ACTUATOR, SERIAL NO. 02 WITH AMPLIFIER NO. 4

April 19, 1963, 1238 Hours

E_

_v

h

© ._

O (D r_

Q)+J

© O O
+_ ._

+_ ._

0 _ cbr-I
._ _o +_ ._

b.O -P_I 0 _ _n
_ 0 P_ _"

0-_ o _ _ _

o © _ o
4-_ b o H © 4_

4._

_D

0

0

0
_._

o

gt

@

o
.ml
-p

© ©_-..
-t-_ b.O _
0 _-_
_ -_ ,-I

_--t o

r-I

0 Torque Current

Noise Level Very

High

+2.1 +0.7 11.2 760

+2.1 +0.7 11.2 760

+2. i +0.7 ii. 2 760

b

©

_q

•_ b_
0 .,-I

+o.8

+0.8

+O.8

/27
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TABLE 16

CALIBRATION OF JET VANE ACTUATOR

SERIAL NO. 02 WITH AMPLIFIER NO. 4 (Torque Vs. Current)

Date Remarks

4/8/63 Before Vacuum

Expo sure

4/19/63 After Vacuum

Exposure*

Current

(milliamps)

Counter

Weight Torque Clockwise Clockwise

(grams) (oz-in)

2o o.18 8.o io.o

50 0°44 18.5 19.0

i00 0.89 37.0 33.5

150 1.33 52.0 47.0

200 1.78 67.0 62.0

220 1.96 77.0 68.0

20 0o18 7.0 9.0

50 0.44 17.0 21.0

i00 0.89 33.0 32.0

150 1o33 55.0 46.0

200 1.78 76.0 61.0

220 1.96 ** 68.0

25o 2.22 74.o

*Torque Motor Balance Changed During Vacuum Test and Had To Be Shifted Which

Changes Calibration

**Torque Motor Stalls With _ 1.78 oz.-in, of Torque in Clockwise Direction
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TABLE17

CALIBRATIONFACTORSOFMULTI-CHANNELRECORDER

FORJETVANEACTUATOR,SERIALNO. 02 WITHAMPLIFIERNO. 4

Recorder

Channel

i

2

3

4

Parameter Measured

Input Voltage

Servo Potentiometer Output Voltage

Telemetry Potentiometer Noise

Vacuum System Pressure

Torque Current

Telemetry Potentiometer Output Voltage

Calibration Factor

3 volts/cm

3 volts/cm

i
30 millivolts/cm on _ scale

8

i
4 millivolts/cm on -_- scale

15 milliamps/cm

3 volts/cm
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GAS ESCAPE RATE FROM JET VANE ACTUATOR ASSEMBLY IN VACUUM

The jet actuators were mounted inside an evacuated chamber

which was then pumped down and held under vacuum for eight days°

One of the two actuators (unit No. 02) was tested with its cover

plate in place but with no "0" rings around its shaft so that all

of the air initially inside had to come out through two very narrow

(0.002") annular spaces as shown in Fig. lB.

It was assumed that substantially all of the air would be re-

moved in a very short time compared to the eight day holding period

so that any gas escaping during operation of the device at the end

of this period could represent only surface desorption from the

internal parts of the device. The following calculations confirm

this assumption°

The notation and formulae used are from S. Dushman "Vacuum

Technique", John Wiley, 1949. On page 102 Dushman gives the formula

(F o = 75.3 A i i/sec) used below for the conductance of an orifice for

air at 25°Co Since the formula Fm = .0583 Pmm which he gives

on page 17 is more basic and probably more familiar, the derivation

of the formula used is given here.

Mass Flux (orifice) = F
m = .0583 Prom _-- gm cm -2 sec -I

PV = nRT, V = nRT Fm
p , n = _-

R = 67.36 torr liter/mol degree _I
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FIGURE IB - CROSS SECTION - SHAFT SEAL

_f
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Volume Flux (orifice) F
O ,0583M P _T M RTp cm 2 sec-i

°0583 x 62_36 _ cm 2 sec -I

For air at 25°C \--T_M - 3°207

3.638 \T--_M cm 2 sec -I

Therefore

F = ii,6 i/sec -I cm -2
O

= 75.3 i/sec -I in -2

By considering the two annular passages of Fig. BI as two orifices

and two short tubes, the approximate formulae

( - Ft + o )

and

Ft = 401.6 (Ai2/Hili) I/sec -I

given by Dushman on pages 102 and 103 can be used°

The meaning of the symbols is as follows:

F
O

A.
l

F t

H.
l

i.
l

Ft '

= Conductance of an orifice of any shape (i/sec)

= Area of orifice (in 2)

= Conductance of a long passage of any uniform shape (i/sec)

= Perimeter of passage (in)
cq

= Length of passage (in)

= Conductance of assembly



- B-4 -

Steady State

Ao

i
= o002 x _ x o178 = 1o12 x 10 -3 (in 2)

Hi =

Ai2/H i

x .178 = 0°56

= 2°23 x 10 -6

Let F' = Conductance of assembly

Then

i i i i i i sec/l

F' : E F-'7"l = F--_ + F'-_ + F"_ + F'--4

F I

F 2

F 3

: 75°3 x 1.12 x 10 -3 = .842 x i0 -I i/sec

= 75.3 x 1.12 x 10 -3 = °842 x i0 -I i/sec

401,6 x 2.23 x 10-6/(_2 ) =
-2

0. 955 x i0

F 4 = 401.6 x 2.23 x i0-6/(_6) = 1.435 x 10 -2

ist orifice

2nd orifice

i/sec ist passage

i/sec 2nd passage

i
= 1.19 x i01 + 1.19 x i01 + 1.05 x 102 + 0.70 x 102

(Note that the "resistances"of the passages exceed the

"resistances" of the orifices considerably)

i
= 23.8 + 105 + 70

F' = 5.0 x 10 -3 I/sec

198.8 sec/liter

5.0 cm3/sec

70
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Transient

Assuming all other conductances in the system are high in com-

parison and that there are no sources or sinks then

t
PI

= V in--

F' P2

PI
= 2°303 V__ log --

F' P2

Where

t

V

= Time from PI to P2 in seconds

= System volume (cm 3)

F' = Conductance (or "pump speed") (cm3/sec)

Since V = 27 and

is

2.303 x 27

5.0

F' = 5.0, the time per decade pressure change

= 12.4 seconds

It is concluded that the volume (27 cm 3) of air initially

present is of no consequence since it is attenuated one decade every

12.4 seconds and the unit was held in vacuum for one week before

testing° The 12-second pumpdown rate per decade of pressure assumes

zero outgassing from the inside walls of the cavity. The pressure

in the vacuum chamber may have exceeded 10 -8 momentarily shortly

after the actuator was activated. However, it is worth pointing

out that since the pumping speed was of the order of 750 i/sec



- B-6-

whereas the conductance (F') of the actuator seal was only .005 i/sec

the pressure in the actuator could have temporarily reached a value

as high as 1o5 x 10-3 torr without raising the observed pressure in

the vacuum system above 10 -8 torro Thus, temporary lubrication of

the slip rings could have occurred. Other types of slip rings have

been observed to be quiet at 10 -3 torr but noisy at lower pressures°

Of the two jet actuators tested the closed one which communicated

with the vacuum system only through the small annular channels des-

cribed above, ran for 24 hours in vacuum at a low potentiometer noise

level whereas the open one (end plate removed) ran quietly for only

a few minutes. Possibly this reflects the presence of some residual

high vapor pressure materials as well as of ordinary adsorbed gases

inside of the actuators in spite of any cleaning operation which may

have been used prior to receipt of the actuators. For example, if

oil were present even after the eight-day vacuum exposure its rate of

evaporation might have increased due to slight internal temperature

increase when motion was started. Conceivably, then this lubricating

reservoir might have been rapidly depleted in the open unit but re-

mained for 24 hours in the closed unit with the oil vapor pressure

kept high by the restricted path for escape° The pressure measure-

ments would not reflect such behavior if the vapor involved were oil

or other substance which would condense on some cold surface without

entering the pressure gauge°
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TABLE i

PRE-VACUUM ATMOSPHERIC TEST OF

JET VANE ACTUATOR, SERIAL NO. i WITH AMPLIFIER NO. i

March 15, 1963, 2330 Hours

+_

r-_v

U3

o
_0

+_

o +_

EI-P 0)
0,_
•H 0 _ _)_-_

r--I _" +_ hr--.
0 o_ 0 D4 _

.p _ _ 0
,-I _ o -P

-t_ 0 0 _) _ _l

H _ _._ "_

©

C) -'-"-.

P-_
0

-._ 0_

:_'_,-t
,-.q

(D .r--I

%

o

o
•H r-_
+_ 0

0 r-_
I_ "_I

©
r-I
©
E_

0

1.0

2°0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

i0o0

ii .0

lZ.7

+3.9 +i. 4 760 78 +_7.5 4.0

u]

+3.9 +i. 4 760 78 +--7.5 4.0

© _o

_ +3- 9 +i. 5 760 78 +_7.5 4.O

o

_e +3.9 +1.5 760 78 +7-5 5.0

o o +3.9 +1.5 760 78 +7.5 5.0PQ .H

o ._ +3- 9 +i. 5 760 78 +7.5 5-0
O -- --

+3- 9 +i. 5 760 78 +7.5 5.0

_ +_3.9 +I. 5 760 78 +_7.5 5.0
©

•_ _ _+3°9 +_1.5 760 78 _+6"8 5.0
o

_ +_3.9 +i. 5 760 78 +_7.5 5.0

+_

_ +3.9 +i. 5 760 78 +7.5 5-0

O

o _ +3°9 +1.5 760 78 +7.5 5,0

_+3-9 +_i.5 760 78 +_7°5 5-0



TABLE 2

LOG OF PUMPDOWN DATA AND POTENTIOMETER DATA

FOR EXPOSURE TEST NO. 1

(JET VANE ACTUATOR, SERIAL NO. O1, STATIC POTENTIOMETER, SERIAL NO. lO0)
AND PRE-LOADED BEARING
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Date/Time

3/15/63
1200

200O

2330

3/16/63
0230

0240

0315

0330

o4o0

o5oo

0600

o7oo

073o

o8oo

o9oo

ilOO

13oo

15oo

2010

2100

3/17/63
0100

o5o0

09o0

1300

Remarks

System
Pressure

(torr)

Temperature

(°F)
Act. Pot. M-N

Potent iomete r Re sistance

(i000 ohms)
M-P N-P Y-R Y-Z R-Z

Read - after condition-

ing of potentiometer

Read - after installa-

tion of potentiometer

Torque and equipment
calibrated

760

760

76 76

76 76

19.5 10.5 10.5 19.5 10.5 10. 5

19.0 i0.i i0o3 19.0 i0.5 i0.5

Mechanical Pump On 760

-2
2" Diffusion pump on 3.0 x l0

-4
6" Diffusion pump on 1.O x lO

-5
Bakeout started, liquid 6.0 x lO

nitrogen to rear trap

Read

Read

Read

Read

Read

Read

Read

Read

Read

Bakeout ended

Liquid nitrogen to

front trap

Read and 0utgas

78 78

76 76

76 76

76 76

3.o x i0-5 14o 140

2.5 x io "5 164 164

2.4 x 10 -5 183 183

1.8 x 10-5 189 189

i.8 x i0_5 19o 190

-5
2.3 x i0 190 190

2.0 x 10 -5 18_ 184

-5
5.0 x I0 i9o 19o

3.0 x lO -5 19o 190

2.0 x I0-5 189 189

2.0 x 10 -5 ii0 ii0

5.1 x i0 -8 70 70 19.0 10.3 10.6 18.9 10.5 i0o_

Read and 0utgas

Read and 0utgas

Read and Outgas

Read and 0utgas

3.0 x io -9 65

-9
2.1 x i0 58

-9
2.0 x i0 49

-9
1.8 x i0 47

65 19.o lO.2 io.5 18.9 ii.o io.;

58 19.o io.5 ii.o 19.o ii.o io.'

49 19.o io.5 IloO 19,o ii.o io.i

47 19,o io.5 li.O i9.o ii.o io,_


